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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to an apparatus 
and method for subcuticular attachment of skin sur- 
rounding an opening wherein the opening is either 
caused unintentionally or by surgical procedure. 

2. Discussion Of The Prior Art 

[0002] Modem day surgery using sutures and staples 
or the like is well defined. Generally, the key to success- 
fully attaching cutaneous matter is the utmost gentle- 
ness in handling all tissue. Damaged and injured tissue 
leads to necrosis followed by fibrosis and scarring. 
[0003] In handling tissue for attaching the surgical 
ends adjacent an opening, care must be taken in attach- 
ing the open ends to provide a minimum of the usual 
well-known telltale marks in the skin. For example, the 
application of sutures in cutaneous surgery will often 
result in the appearance of telltale Crosshatch markings, 
whereas the use of sutures subcutaneously allows for 
early removal to minimize the telltale marks. Application 
of subcutaneous sutures generally refers to introduction 
of sutures at well below the epidermis and dermis. Sub- 
cuticular sutures generally refer to sutures introduced 
beneath the epidermis. In any event, reference to 
attachment of cutaneous matter below the epidermis at 
any level is sometimes referred to as "subcutaneous". 
Although the present description refers to subcuticular 
application of fasteners, it is contemplated that such fas- 
tener applications can be performed at all levels possi- 
ble with the application disclosed herein. 
[0004] Surgically attaching cutaneous matter is also 
accomplished by application of staples which are gener- 
ally of a metal material and are closed by action against 
an anvil which causes the ends of the staple to close 
alter piercing the skin surrounding an opening. In either 
case, the portions of skin are first drawn together and 
then stapled or sutured so s to hold them together until 
natural healing takes place. The steps are often cum- 
bersome to the surgeon since holding the skin together 
requires one motion and stapling or suturing requires 
another. 

[0005] To date, there does not appear to exist an 
apparatus which is capable of gripping the portions of 
cutaneous matter surrounding an opening and drawing 
them together, followed by introduction of a staple at 
subcuticular levels, i.e. below the epidermis. Neither 
does there appear to exist an apparatus which is capa- 
ble of drawing the cutaneous matter together and firing 
a staple in the subcutaneous region, i.e. in the region 
below the dermis. The present invention is directed to 
such an apparatus for attachment of cutaneous matter. 
[0006] EP-A-47761 9 was not published until after the 



first priority date in the present application. The present 
invention is a further development of the invention of 
EP-A-47761 9. 

[0007] EP-A-392750 is also of the present Applicant. 

s It discloses a fascia stapler for closing an incision using 
clips of a two-piece construction, with a retainer and a 
strap. The strap is driven through the retainer and fascia 
tissue advanced around an anvil, through the tissue on 
the other side of the tissue, outwards of the tissue, and 

w then the retainer once more. Each retainer and each 
strap is elongate. Each fastened clip has its retainer 
overlying its strap, with the fascia tissue in between and 
the line of each clip transverse to the line of the tissue 
incision to span the incision. 

75 

SUMMARY OF THE INVENTION 

[0008] A surgical apparatus for attaching at least two 
adjacent end portions of a medium such as cutaneous 

20 body tissue which comprises a pair of jaws carried by a 
frame, means for moving the jaws toward and away 
from each other, and body tissue engaging means 
extending from each jaw and facing the opposed jaw 
and adapted to engage the respective opposed portions 

25 of the medium such that when the jaws are moved from 
a first open position toward each other to a second 
closed position, said engaging means causes the two 
end portions of the medium to be displaced toward each 
other, drawn together in close approximation, and to 

30 assume an irregular or undulating waveform shape 
whereby an elongated rod-like fastener may be directed 
generally medially of the medium to attach opposed 
portions of the medium. 

[0009] Mechanical means is provided for moving the 
35 jaws toward and away from each other by actuation by 
manually gripping means manually movable toward 
each other to actuate the mechanical means. 
[0010] Preferably, the means for moving the jaws 
toward and away from each other include a cam face on 
40 each of the jaws, and cam engaging means provided in 
the form of a fork that engages against the cam faces to 
move the jaws toward each other. The fork is slidably 
carried by the frame, with its tines positioned adjacent 
the cam faces, and is movable from a first position to a 
45 second position to engage its tines against the cam 
faces and move the opposed jaws towards each other to 
their closed position. 

[0011] Included with the means for moving the jaws 
toward and away from each other is a pair of handles 

so which, when squeezed toward each other, move the 
fork from its first position to its second position. As the 
handles are squeezed together, the pivotal motion of 
the handles is translated to longitudinal motion to move 
the fork from its first position to its second position. 

55 [0012] Plunger means in the form of a plunger rod is 
provided which is movable from a first position to a sec- 
ond position to engage the elongated rod-like fastener 
to direct it generally medially of the interface and subcu- 
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ticularly of the body tissue to thereby attach the end por- 
tions. The plunger rod is movable by movement of the 
fork as it moves from its second position to a third posi- 
tion as the handles are subsequently squeezed further 
together; the additional pivotal motion of the handles 5 
being translated to longitudinal motion to move the fork. 
When the handles are released, spring action returns 
the handles, fork and opposed jaws to their first position. 
[0013] Preferably, each jaw includes a sharp pointed 
member positioned for engagement with marginal end 10 
portions of skin adjacent an opening therein such that 
when the jaws are displaced toward each other, the skin 
portions move toward each other and into engagement 
and assume an undulating waveform configuration at 
the interface therebetween. The apparatus further com- 15 
prises a cartridge positioned adjacent the jaws and 
adapted to support a plurality of elongated rod-like fas- 
teners, each having a sharp pointed tip at its proximal 
end to facilitate subcuticular penetration of the skin. 
[0014] Each of the embodiments of the cartridge of 20 
the invention include means to resiliently bias the rod- 
like fasteners toward a position in which the fasteners 
can be advanced toward the body tissue when the body 
tissue is gripped by the sharp pointed members. 
[0015] In an alternative embodiment a surgical appa- 25 
ratus is disclosed for attaching at least two portions of 
body tissue, which comprises, a pair of support mem- 
bers, a tissue gripping jaw supported at the distal end of 
each support member, body tissue engaging means 
extending from each jaw and facing the opposed jaw 30 
and adapted to engage respective opposed portions of 
the body tissue such that when the jaws are moved 
toward each other the engaging means causes the 
opposed portions of body tissue to be displaced toward . 
each other and engage at the interface thereof so as to 35 
assume an irregular shape whereby an elongated fas- 
tener member may be directed generally medially of the 
body tissue interface to thereby attach the opposed por- 
tions of the body tissue. Resilient means is positioned 
between the support members to bias the support 40 
members and the jaws in opposed directions, and 
means is provided and configured and adapted for 
advancement in a distal direction in a manner to engage 
the support members whereby the support members 
and said jaws are caused to move toward each other. In 45 
this embodiment, actuating means is provided for 
engaging the pivotal support members so as to move 
the opposed jaws toward each other. The actuating 
means may comprise at least one handle manually 
movable to advance the actuating means. so 
[001 6] The apparatus is particularly adapted to store 
and eject elongated rod-like fasteners and includes 
means associated with the rod-like fasteners to provide 
visual indication when a predetermined plurality of rod- 
like fasteners have been ejected. The indicator means 55 
may be in the form of a flag having a distinctively 
colored portion, i.e., yellow, or it may include appropri- 
ate calibration marks to indicate either the number of 



fasteners which have been ejected or the number of fas- 
teners remaining. 

[0017] In one embodiment a coil spring is incorpo- 
rated to bias the pair of support members. Also, a strap 
or belt like member is attached to a manual gripping trig- 
ger and constrained to move along a curved path which 
converts the strap movement in a manner such that the 
distal end provides a distal force which is adapted 
through camming surfaces to cause the support mem- 
bers to pivot toward each other to close the jaws. A yoke 
having a central shaft having dual distally extending 
legs is provided with a roll being supported on each leg. 
Further, the belt or strap-like member may be a flexible 
metal strap and includes a pad of resilient material, 
such as nylon, which is arranged to pass a spring 
biased pawl. The pawl permits the belt to move freely 
over a curved path to provide distal closing and fastener 
spring force. However, within a predetermined portion of 
the distal movement of the belt the movement may be 
stopped to permit the surgeon to stabilize the position 
and orientation of the jaws without loss of the distal 
movement thus far achieved. This is accomplished by 
engagement of the pawl with the nylon pad. 
[0018] The elongated fasteners are supported in a 
cartridge which may be either refillable or removable 
and replaceable. The fasteners are biased toward the 
firing position by a coil spring and they are ejected from 
the cartridge by an ejection plate which is arranged to 
sequence the fastener firing step after the jaws are 
closed. 

[0019] A wide base stabilizer platform encompasses 
the jaws and provides a stable positioning means for 
stabilizing the position and orientation of the jaws for 
precise positioning of the fastener. The platform may be 
formed integral with the housing or support frame or it 
may be a separate detachable member. 
[0020] In one embodiment distal jaw closing force and 
fastener firing force is provided by a rack type device 
which is a rod having a generally circular cross-section 
but which includes on the outer surface a plurality of 
individual teeth. The trigger, or manual actuating handle 
includes an arcuate shaped drive member which has a 
surface containing a plurality of teeth which mate with 
the teeth on the rack. When the trigger is squeezed 
toward the fixed hand grip, the teeth on the drive mem- 
ber engage the teeth on the rack and cause the rack to 
advance distally to provide the force required to approx- 
imate the jaws and to advance the fastener. An appro- 
priate sequencing and fastener drive means such as the 
fastener drive plate disclosed herein may be incorpo- 
rated. A system is provided in this embodiment to permit 
the operator to discontinue the distal motion on the rack 
by incorporating a leaf-type spring pawl arranged to 
engage an associated toothed surface over a predeter- 
mined range of movement of the trigger. Thus should 
the operator wish to stop the movement to facilitate sta- 
bilizing the position and orientation of the jaws to pre- 
cisely position the fastener the movement can be 
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stopped without loss of trigger position. After the orien- 
tation and positioning is perfected, the movement may 
be resumed. At the end of the stroke, the trigger is then 
permitted to return to its rest position by movement of 
the pawl spring out of interference with the toothed sur- 5 
face. A wire type pawl spring may also be used. 
[0021 J Staple storing means is provided in the form of 
a cartridge in which the rod-like fasteners are stacked 
and biased toward the ejecting position by a spring 
biased follower. The cartridge may be permanently 10 
attached to the apparatus or it may be removable and 
replaceable or ref illable. A unique fastener drive plate is 
provided which is preferably in the form of a coil spring, 
the drive end of which is biased in the proximal direc- 
tion. Distal force is provided by the trigger and associ- is 
ated rack to force the distal drive end of the spring 
forwardly to eject a fastener, after which it is permitted to 
return to the proximal position under its own spring 
force. Alternatively, a separate fastener drive plate may 
be attached to the distal end of the coil spring. Thus 20 
when the yoke is advanced distally a predetermined 
portion of the jaws are forced closed. Further distal 
movement of the yoke causes the drive member to 
engage the distal edge of the coil spring such that fur- 
ther movement of the member causes the fastener drive 25 
spring to move distally to iengage the fastener next-in- 
line to eject it from the cartridge. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

[0022] Preferred embodiments of the invention are 
described hereinbelow wherein: 

Fig. 1 is a left side perspective view from above, 
illustrating the improved apparatus for subcuticular 35 
or subcutaneous fastening of body tissue; 
Fig. 2 is a partial cross-sectional view taken along 
lines 2-2 of Fig. 1 ; 

Fig. 3 is a cross-sectional view with portions cut 
away, taken along lines 3-3 of Fig. 2; 40 
Fig. 4 is a cross-sectional view taken along lines 4- 

4 of Fig. 3; 

Fig. 5 is a cross-sectional view taken along lines 5- 

5 of Fig. 3; 

Fig. 6 is a greatly enlarged perspective view, of the 45 
cam and roller system for moving the pincer jaws of 
the apparatus toward and away from each other; 
Fig. 7 is a cross-sectional view taken along lines 7- 
7 of Fig. 1, illustrating the proximal portion of one 
embodiment of the jaw closing mechanism; so 
Fig. 8 is a perspective view from above, of the pin- 
cer jaws of the apparatus in the closed position 
about an opening in body tissue; 
Fig. 9 is a cross-sectional view from above, of the 
jaw closing mechanism of the apparatus of Fig. 1 ; 55 
Fig. 10 is a cross-sectional view take along lines 
10-10 of Fig. 9, illustrating a low profile system for 
storing a plurality of rod-like fastener members; 



Fig. 1 1 is a view taken along lines 1 1 - 1 1 of Fig. 1 0, 
illustrating a rod-like fastening member positioned 
in body tissue to retain the tissue portions on each 
side of the opening in abutting relation; 
Fig. 12 is a frontal view of the pincer jaws of the 
apparatus of Fig. 10 and fastening member taken 
along lines 12-12 of Fig. 1 1 ; 
Fig. 13 is a cross-sectional view of body tissue por- 
tions held by a subcutaneously positioned rod-like 
fastener member in adjacent engaged relation so 
as to promote healing; 

Fig. 1 4A is a greatly enlarged perspective view with 
parts separated for convenience of illustration, 
showing the portion of the apparatus used for 
stacking and advancing rod-like fastener members 
for piercing body tissue; 

Fig. 14B is a greatly enlarged perspective view of 
an alternate embodiment of the mechanism for 
advancing the fastener members; 
Fig. 15 is a perspective view from above illustrating 
an alternative embodiment utilizing a scissor-type 
handle for actuating the pincer jaws and the fas- 
tener firing mechanism; 

Fig. 16 is a partial cross-sectional view of the prox- 
imal handle portion of the apparatus of Fig. 15 
taken long lines 16-16 of that Fig.; 
Fig. 17 is a cross-sectional view taken along lines 
17-17 of Fig. 16 illustrating the scissor-type actuat- 
ing mechanism for closing the jaws and for advanc- 
ing fastener members; 

Fig. 18 is a view similar to Fig. 15 illustrating the 
manually operable handles in the closed position 
after firing the fastener member; 
Fig. 19 is a greatly enlarged perspective view of the 
jaw closing and fastener advancing mechanism 
which forms part of the embodiment of Fig. 15; 
Fig. 20 is a cross-sectional view of the apparatus of 
Fig. 15 illustrating the roller-cam mechanism for 
closing and opening the pincer jaws; 
Fig. 21 is a cross-sectional view of the distal section 
of the apparatus shown in Fig. 15 illustrating an 
alternative type of fastener storing cartridge; 
Fig. 22 is a greatly enlarged view from above illus- 
trating the roller cam for closing and opening the 
pincer jaws of the apparatus of Fig. 15; 
Fig. 23 is a cross-sectional view similar to the view 
shown in Fig. 20 with the pincer jaws in the closed 
position; 

Fig. 24 is a cross-sectional view similar to the view 
shown in Fig. 21 with the firing mechanism 
advanced for firing a fastener; 
Fig. 25 is a view from below of the pincer jaws of the 
apparatus of Fig. 15 in the closed position during 
actuation of the fastener firing mechanism; 
Fig. 26 is a view of an alternative embodiment of a 
mechanism for closing the pincer jaws and firing the 
fastener member incorporating a rack and pinion 
device in a handle section; 
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Fig. 27 is a cross-sectional view taken along lines 
27-27 of Fig. 26 illustrating the pinion and associ- 
ated racks; 

Fig. 28 is a perspective view greatly enlarged, of the 
rack and pinion mechanism of the apparatus shown 
in Fig. 26; 

Fig. 29 is a partial cross-sectional view of the rack 
and pinion section of the apparatus of Fig. 26 with 
the rack and pinion system in position correspond- 
ing to closed jaws after the fastener has been fired; 
Fig. 30 is a perspective view from above of another 
alternative embodiment of the apparatus of the 
invention which incorporates additional features for 
subcuticular or subcutaneous stapling of skin; 
Fig. 31 is a view taken along fines 31-31 illustrating 
an alternative arrangement of sharp skin gripping 
tips and a unique stabilizer platform; 
Fig. 32 is an enlarged view partially in cross-sec- 
tion, taken along lines 32-32 of Fig. 30 illustrating 
the jaw closing mechanism of this embodiment; 
Fig. 33 is an enlarged view partially in cross-sec- 
tion, taken along lines 33-33 of Fig. 32 illustrating 
the fastener biasing and firing mechanism of this 
embodiment; 

Fig. 34 is a perspective view from above, of the 
mechanism for advancing the rod-like fasteners dis- 
tally in the form of a fastener firing plate incorpo- 
rated in this embodiment; 

Fig. 35 is a view from above of the system for pro- 
viding color indication when the last rod-like fas- 
tener has been fired; 

Fig. 36 is a view partially in cross-section of the car- 
tridge for storing rod-like fasteners after the last fas- 
tener has been fired; 

Fig. 37 is a view taken along lines 37-37 of Fig. 30, 
illustrating an alternative structural arrangement in 
the handle for mechanically closing the jaws and for 
firing rod-like fasteners at the distal end of the 
apparatus with the trigger in the open position; 
Fig. 38 is a view similar to Fig. 37 illustrating the jaw 
closing mechanism supported in the proximal por- 
tion of the housing of the apparatus with the trigger 
in the fully squeezed position; 
Fig. 39 is a perspective view with parts separated 
for convenience of illustration of the jaw closing and 
fastening mechanism of Figs. 37 and 38; 
Fig. 40 is a view of the clutch system of the jaw 
closing and fastener firing mechanism of Figs. 37- 
39 illustrating the positions of the pawl and resilient 
pad-type rack when the trigger is in the partially 
fired position with the ratchet mechanism in 
engagement; 

Fig. 41 is a partial cross-sectional view taken along 
lines 41-41 of Fig. 40; 

Fig. 42 is a view similar to Fig. 40 with the ratchet 
mechanism partially in the return position; 
Fig. 43 is a perspective view of another alternative 
embodiment of the apparatus of the invention which 



incorporates an alternative mechanism for closing 
the jaws and firing the fasteners; 
Fig. 44 is a view partially in cross-section, taken 
along lines 44-44 of Fig. 43 illustrating the jaw clos- 

5 ing and fastener firing mechanism; 

Fig. 45 is a view taken along lines 45-45 of Fig. 44 
illustrating a side view of the jaw closing and fas- 
tener firing mechanism of Fig. 44; 
Fig. 46 is a view taken along lines 46-46 illustrating 

w the locator pin located distally of the jaws; and 

Fig. 47 is a view from above illustrating the jaw clos- 
ing mechanism of the embodiment of Fig. 43, when 
the jaws are in the closed position. 

15 DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] Referring initially to Fig. 1 there is illustrated 
generally an apparatus 10 for subcuticular or subcuta- 

20 neous stapling of skin constructed according to the 
present invention. In general, the apparatus includes a 
pair of opposed jaws 12 movable from a spaced apart 
open position to a closed position to approximate tissue, 
a mechanism for camming the jaws to their closed posi- 

25 tion, and a mechanism for firing fasteners subcuticular^ 
into the approximated tissue portions. A pair of handles 
16, extending generally transversely from housing 14, 
operate cam jaws 1 2 and to fire the fasteners in a man- 
ner which will be described hereinbelow. 

30 [0024] Jaws 12, which extend from housing 14, are 
resiliently biased away from each other, and are mova- 
ble between a normally open position as shown in Fig. 2 
to a closed position as shown in Fig. 9. A guide shaft 1 3 
extends slidably through the pair of opposed bores in 

35 jaws 12 to provide for accurate alignment of jaws 12 as 
they are moved between their open and closed posi- 
tions. 

[0025] Each jaw 12 includes a transverse gripping 
member 18 at its free end which is oriented generally at 

40 an obtuse angle with respect to its main portion. Trans- 
verse gripping members 18 are positioned opposite 
each other and extend generally toward one another, so 
that when jaws 12 are moved to their closed position, 
two portions of partially overlapping body tissue posi- 

45 tioned between the gripping members 18 may be 
advanced into close approximation with each other. 
[0026] Referring to Fig. 1 1 , one gripping member 1 8a 
includes a U-shaped member 30 having a pair of 
spaced, sharp pointed skin gripping tips 28 with ser- 

so rated ends which extend generally toward the opposite 
gripping member 18. U-shaped member 30 is remova- 
bly attached to arm 24a by suitable means such as a 
screw 32. One end of the base of U-shaped member 30 
may include a locator pin 34 positioned in a notch 36 in 

55 arm 24a to aid in restraining U-shaped member 30 from 
turning about screw 32. 

[0027] The opposite gripping member 1 8b includes a 
pair of closely spaced, sharp pointed skin gripping tips 
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38 that are positioned medially between tips 28. As 
shown in Fig. 1 1 , skin gripping tips 38 may similarly be 
provided in the form of a U-shaped member 40 having 
serrated tips at the ends of its closely spaced prongs, 
and removably attached to arm 24b by suitable means 
such as a screw 42. The base 44 of U-shaped member 
40 may extend outwardly from prongs 46, laterally along 
arm 24b. One end of base 44 may include a locator pin 
48 which is positioned in a notch 50 in arm 24b and aids 
in restraining U-shaped member 40 from twisting about 
screw 42. 

[0028] Gripping member 1 8b may also include a third 
serrated skin gripping tip 52 in the form of an angularly 
oriented prong 54. Prong 54 is spaced from prongs 46 
and is positioned so that its serrated skin gripping tip 52 
is located outside tips 28. When jaws 12 are brought 
together as described in detail below, tips 28, 38, and 52 
grip the portions of skin surrounding a body opening in 
a partially overlapping, sinusoidal waveform configura- 
tion as indicated by phantom line 56. Clearly, other con- 
figurations of prongs or a different number of prongs can 
be utilized to perform the function of approximating and 
holding the skin. 

[0029] Referring to Fig. 2, housing 14 provides a 
frame for carrying jaws 12 and includes housing halves 
19a, 19b, and removable cover 1 7 to allow ready access 
to the interior for ease of assembly. Elongated hollow 22 
extends longitudinally into the end of housing 14 oppo- 
site handles 16. Each jaw 12 includes an elongated arm 
24 extending generally longitudinally from hollow 22 
with its transverse gripping members 18 positioned out- 
side of housing 1 4. Arms 24 are pivotally interconnected 
inside the housing by a pin 26 for movement toward and 
away from each other and are of sufficient structural 
rigidity to retain their shape when jaws 12 are moved to 
their closed positions. Alternatively, jaws 12 and arms 
24 may be formed integrally, interconnected at their 
enclosed ends by a transverse web. 
[0030] With continued reference to Fig. 2, a longitudi- 
nal divider is positioned between arms 24 and con- 
nected thereto at its enclosed end by pin 26. Divider 58 
bisects hollow 22 and extends outwardly from hollow 
22, terminating at front stabilizer plate 20. A pair of arcu- 
ate leaf springs 60 are positioned symmetrically about 
divider 58. The innermost ends of springs 60 are 
attached to divider 58 by suitable means such as a rivet 
62, shown in Figs. 3 and 10. Leaf springs 60 bias out- 
wardly so that their free ends bias against arms 24 of 
jaws 12 to normally urge jaws 12 to their open position. 
A longitudinal slot 64, shown in phantom, extends along 
each side of divider 58 to provide a recess into which 
leaf springs 60 may longitudinally recede as jaws 12 are 
moved to their closed position, as shown in Fig. 9. 
[0031 ] As best shown in Fig. 3, the foot of housing 1 4 
provides a rear stabilizer portion 21. Front stabilizer 20 
and rear stabilizer 21 assist in stabilizing the position of 
the apparatus 10 during attachment of portions of body 
tissue as hereinafter described. Alignment-pin 59, 



which may be retractable, extends downwardly from 
front stabilizer plate 20. 

[0032] Referring now to Fig. 6, the mechanism for 
closing the jaws 12 will be described. Each arm 24 of 

5 jaw 1 2 includes a cam section 66 having a cam face 68 
positioned at an acute angle to arm 24. Each cam sec- 
tion 66 can be formed of stainless steel or other suitable 
materials. Accordingly, preferably cam section 66 is pro- 
vided in the form of an insert which is molded to arm 24. 

10 Alternately, cam section 66 and cam face 68 may be 
formed integrally with arms 24. 
[0033] Fork 70, as shown in Figs. 2 and 6, is carried 
by housing 14 and is adapted to come into contact with 
cam faces 68 to close the jaws. Fork 70 is longitudinally 

15 mounted in housing 14 within a slot provided in divider 
58 (not shown in the Figs). Referring to Fig. 3, fork 70 
includes, a longitudinal slot 71 through which pin 26 
extends. Fork 70 is located in hollow 22 with the ends of 
its tines 72 having rollers 74 which roll along cam faces 

20 68 as best shown in Fig. 6. As an alternate to rollers 74, 
a flatter surface to frictionally engage cam faces 68 can 
be provided. As shown in Figs. 2 and 9, rollers 74 con- 
tact opposed inner wall portions 76 defining hollow 22 
during the longitudinal movement of fork 70 from a prox- 

25 imal (first) position, as best seen in Figs. 2 and 3, to a 
distal (third) position, shown in Figs. 9 and 10. During 
this movement, fork 70 assumes an intermediate (sec- 
ond) position in which rollers 74 engage against cam 
faces 68, moving arms 24 toward each other and bias- 

30 ing springs 60 laterally into slots 64, to move jaws 12 to 
their closed position, as shown in Fig. 9. 
[0034] Referring to Fig. 10, further longitudinal move- 
ment of fork 70 to its distal position causes a flexible, 
elongated rod-like fastener 78 to be ejected into a path 

35 between closed jaws 12. Fastener 78 has a sharp pen- 
etration tip 79 at its forward or proximal end (see Figs. 
1 1 and 13) and is described in parent applications U.S. 
Serial No. 581,776, filed on September 13, 1990, and 
U.S. Serial No. 630,224, filed on December 19, 1990. 

40 Each of the fasteners 78 are of length sufficient to 
engage oppositely sloped skin portions as determined 
by the dimensions and relative spacing of the pointed 
tips. Each of the fasteners 58 may include means on the 
outer surface for improved retention in position within 

45 the body tissue. 

[0035] Referring now to Fig. 1 2, each transverse grip- 
ping member 18a, 18b includes a notch 80 which is 
alignable with the opposing notch 80 when jaws 12 are 
moved to their closed position. As can be appreciated, 

so notches 80 provide a longitudinal void 82 which is coin- 
cidental with the path of the fastener 78. 
[0036] Turning now to the mechanism for firing the fas- 
teners through longitudinal void 82 and into the approx- 
imated body tissue sections, ejection mechanism 83 

55 shown generally in Figs. 3, 1 0 and 1 4 is positioned adja- 
cent jaws 12 and includes an elongated plunger 84, an 
inner elongated stationary tubular member 86, and an 
outer tubular member 88, which concentrically sur- 
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rounds tubular member 86 and is adapted to move lon- 
gitudinally therealong. Stationary tubular member 86 is 
secured within a bore 89 adjacent the lower end portion 
of divider 58 by a screw 91, and extends longitudinally 
into the lower portion of hollow 22. Referring to Fig.14B, 
elongated plunger 84 comprises a flexible wire-like rod 
that extends longitudinally through stationary tubular 
member 86 and into tubular member 88 where it is 
secured at its proximal end by suitable means so that it 
moves longitudinally with tubular member 88. Plunger 
84 is preferably made of a super elastic metal. One 
example of such metal is NITINOL brand metal availa- 
ble from Raychem Corporation, Menlo Park, California. 
Clearly, other resilient materials can be utilized. As will 
be appreciated in the illustrated embodiment, the cross- 
section of plunger 84, at least at its distal end, is approx- 
imately equal to the cross-section of rod-like fastener 
78. 

[0037] Outer tubular member 88 and connected 
plunger 84 is movable longitudinally between a proximal 
(retracted) position as shown in Fig. 3 coinciding with 
the proximal position of fork 70, and a distal position as 
shown in Fig. 10, coinciding with the distal position of 
fork 70 to discharge fastener 78. Alternatively, as shown 
in Figure 14B, the plunger 84 can include a transverse 
tab 85 which rides in a channel formed by the two car- 
tridge halves to restrain movement of the plunger 84. 
The tab may optionally be positioned at a central portion 
of the plunger 84. 

[0038] Referring again to Figs. 3 and 1 0, stop block 90 
is secured at the free end of outer tubular member 88. 
Annular abutment 92 surrounds outer tubular member 
88 and is located distally of stop block 90. Crosshead 
guide 94 extends laterally from fork 70, and is con- 
nected thereto by screw 96 shown in Fig. 1 4 such that it 
moves with fork 70. Crosshead guide 94 is provided 
with a bore in which outer tubular member 88 is slidably 
positioned and is located between stop block 90 and 
annular abutment 92. Crosshead guide 94 is longitudi- 
nally movable along tubular member 88 from a position 
which contacts stop block 90, coinciding with the proxi- 
mal position of fork 70, to a position which abuts annular 
abutment 92, coinciding generally adjacent the conclu- 
sion of the movement of fork 70 to the intermediate 
position (compare Figs. 3 and 10). Thus, outer tubular 
member 88 moves with fork 70 as it moves to its distal 
position. During the return movement of fork 70 to its 
proximal position, tubular member 88 and fork 70 move 
together to return plunger 84 to the proximal position 
until crosshead guide 94 abuts stop block 90. 
[0039] As best shown in Figs. 3 and 10, plunger 84 
travels along non-linear path 100 which is defined by lin- 
ear segments 100a, 100b and arcuate segment 100c 
terminating in a linear segment 100d. Segment 100d is 
axially aligned with longitudinal void 82. As shown in 
Fig. 14, path 100 is formed by cartridge body halves 
102a, 102b. As will be appreciated, path 100 provides a 
means for altering the directional vector of the ejected 



rod-like fastener 78. 

[0040] Referring now to Figs. 3, 4 and 14, the car- 
tridge for storing the fasteners will be described. Fas- 
tener cartridge 106 shown in Fig. 3 is adapted to retain 

5 a number of rod-like fasteners 78 for sequential ejec- 
tion, one at a time, in end to end relationship to fasten 
the end portions of body tissue in an opening which is 
greater in length than the length of a single fastener 
108. Fastener cartridge 106 is configured to allow diag- 

10 onal stacking of the fasteners to reduce the profile of the 
distal portion of the apparatus to increase the visibility of 
the user during Operative procedures. This diagonal 
stacking also increases the number of fasteners which 
can be stored in the apparatus. TTie cartridge may 

15 optionally be removably mounted in the apparatus to 
allow removal and replacement with another loaded car- 
tridge. 

[0041] The casing of fastener cartridge 106 includes 
body halves 102a, 102b which are attached together by 
20 suitable means. As shown, body half 102b may be 
formed integrally with divider 58, extending forwardly at 
the front end therefrom toward transverse gripping 
members 18. 

[0042] Each body half 102a, 102b includes an elon- 

25 gated chamber portion 105a, 105b which cooperate 
when body halves 102a, 102b are assembled together 
to provide a chamber 105 in which fasteners 108 are 
stacked laterally in face-to-face contacting relationship 
along their respective longitudinal surfaces. The cross- 

30 sectional dimension of chamber 105 is equal to or 
slightly greater than the major diameter of each rod-like 
fastener 108 to facilitate a snug fit, with the angular lon- 
gitudinal length of chamber 105 being dimensioned to 
accommodate a predetermined number of fasteners 

35 108. Chamber 105 extends rearwardly at an acute 
angle, thus allowing fasteners 108 to be stacked in diag- 
onal fashion, in a cascading, partially overlapping lateral 
arrangement which ascends rearwardly as shown. This 
arrangement advantageously conserves space as com- 

40 pared to vertical stacking. 

[0043] As shown in Fig. 4, fasteners 108 are biased 
downwardly in chamber 105 toward the firing chamber 
segment which extends between segments 1 00a, 1 00b. 
The bottommost fastener 78 is biased into the firing 

45 chamber segment where it is retained for ejection as its 
distal end 104 is adjacent operative end 103 of plunger 
84. After each fastener 78 is ejected and discharged, 
plunger 84 is withdrawn longitudinally to its retracted 
position with the end 103 of plunger 84 returning to seg- 

50 ment 100a, to allow the next fastener 78 to be biased 
downwardly into the firing chamber segment into a posi- 
tion suitable for egress from the fastener stack. 
[0044] More particularly, as shown in Fig. 1 4, a pair of 
negator springs 1 10 act on transverse shaft 124 of fol- 

55 lower 1 12 to bias fasteners 78 downwardly. Each nega- 
tor spring 110 is positioned within a jacket 114 as 
shown, with its lower end secured within an arcuate slot 
1 16 formed therein and its other end secured to a circu- 
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lar bushing 118. Each negator spring 110 in its initial 
position is partially unwound, the spring being resiliency 
biased toward a normal spiral configuration. As follower 
1 12 slides downwardly in the chamber 105, the spring 
winds towards its spiral configuration. Follower 112 is 5 
positioned in chamber 105 adjacent the topmost-mem- 
ber 120 of the stacked rod-like fasteners 78. Further- 
more, a longitudinal slot 122 bisects each chamber 
portion 105a, 105b as shown and receives and holds 
one end of transverse shaft 124 of follower 112 as it 10 
moves downwardly in chamber 105 towards the firing 
chamber segment. The ends of shaft 124 are also held 
within the bore portions of bushings 118. Each jacket 
114 may be provided with an elongated window 126 
through which the position of follower shaft 1 24 may be is 
visually observed to indicate the remaining number of 
rod-like fasteners 108 which are available. 
[0045] Referring now to Fig. 7, a preferred mechanism 
for closing the jaws and for actuating plunger 84 is illus- 
trated and includes handles 128, 130 extending gener- 20 
ally transversely from housing portion 132. Handle 128 
is formed integrally with housing portion 132 and handle 
1 30 is pivotally connected via pin 1 34 to housing portion 
1 32 for movement between an open position and closed 
position, as indicated by phantom lines 136 in Fig. 7. 25 
Squeezing of handle 130 toward handle 128 moves fork 
70 from its proximal position to its distal position to 
thereby close jaws 12 and move plunger 84 longitudi- 
nally to discharge fastener 78 as will be described in 
more detail below. 30 
[0046] A link member 1 38, pivotally connected via pin 
140 to handle 130, translates the pivotal motion of han- 
dle 130 to longitudinal motion which moves fork 70 lon- 
gitudinally distally. More specifically, link member 138 is 
pivotally connected via pin 1 44 to the rear end of draw- 35 
bar 142, and drawbar 142 is connected at its distal end 
to the proximal end of fork 70. A spring 146 is attached 
to the proximal end of drawbar 142 and to housing por- 
tion 132, to cause drawbar 142 to move proximally 
when handles 1 28, 1 30 are released, thus returning fork 40 
70 to its proximal position. Movement of drawbar 142 
rearwardly also returns handles 128, 130 to their open 
position. 

[0047] In operation, handles 130, 128 are initially 
squeezed together to move fork 70 distally such that 45 
rollers 74 engage cam faces 68 to force the jaws toward 
each other to bring the tissue portion into overlapping 
relationship and into an undulating configuration. Fur- 
ther squeezing of handles 128, 130 causes plunger 84 
to move from its retracted position toward its discharge 50 
position so that its operative end 103 engages the low- 
ermost fastener 78, positioned between segments 
100a, 100b, causing it to be ejected (i.e. fired) distally 
into segment 100b. Continued movement of plunger 84 
by fork 70 causes fastener 78 to move forwardly through 55 
arcuate segment 100c and to segment 100d where fas- 
tener 78 is discharged to penetrate the end portions of 
body tissue to attach the and portions together. 



[0048] Fig. 15 illustrates generally another embodi- 
ment of the apparatus of the present invention, having a 
scissor-type handle mechanism. Apparatus 148 
includes a pair of opposed jaws 150, similar to opposed 
jaws 12 in Fig. 1 , extending from the distal end of hous- 
ing 152 which encloses the jaw closing mechanism. A 
pair of handles 154 extend generally proximally from the 
proximal end of housing 152. Jaws 150 are resiliency 
biased away from each other, and are movable from 
their normally open position toward each other to a sec- 
ond closed position by squeezing handles 154 together. 
A guide shaft 155 similar to guide shaft 13 of Fig. 1 
extends slidably through a pair of opposed bores in jaws 
150 to restrain twisting of jaws 150 as jaws 150 are 
moved between their open and closed positions. Hous- 
ing 152 may further comprise housing halves 156a, 
156b ( as shown, for ease of assembly. 
[0049] Each jaw 150 includes transverse gripping 
members 158, similar to the transverse gripping mem- 
bers 18 shown in Fig. 1 , oriented generally at an appro- 
priate obtuse angle with respect to the main portion of 
the respective jaw 150. Accordingly, reference is made 
to the previous description in connection with Fig. 1 1 in 
conjunction with the gripping members 158 shown in 
Fig. 15. When jaws 150 are moved toward each other to 
a closed position, the two portions of partially overlap- 
ping bodily tissue positioned between gripping mem- 
bers 158 are brought into close approximation. Further 
movement of handles 154 toward each other causes 
thin elongated rod-like fastener 220, described above, 
to be discharged between gripping members 158 to 
penetrate the body tissue portions and attach the two 
body tissue portions together as described previously. 
[0050] Referring to Figs. 21 and 25, front stabilizer 
portion 160 includes an alignment pin 199, preferably 
retractable, extending downwardly therefrom. The foot 
of housing 152 provides a proximal stabilizer portion 
161. Stabilizers 160 and 161 assist in stabilizing appa- 
ratus 148 during attachment of portions of body tissue 
as described below. 

[0051] Referring to Fig. 20, housing 152 provides a 
frame for carrying jaws 150. Jaws 150 extend into hol- 
low 162 of housing 152 similar to the previous embodi- 
ment. Each jaw 150 includes an elongated arm 166 
extending generally longitudinally from hollow 162 with 
its transverse gripping members 158 positioned outside 
of housing 152. Arms 166 are pivotally interconnected 
at their proximal ends by a pin 168 for movement toward 
and away from each other. Alternately, jaws 150 and 
arms 166 may be formed integrally, interconnected at 
their enclosed ends by a transverse web. 
[0052] As in the first embodiment described above, a 
longitudinal divider 198 bisects hollow 162 and termi- 
nates at stabilizer plate 160. A pair of arcuate leaf 
springs 200 are attached to divider 198 by a rivet 202, 
shown in Figs. 21 and 24, and bias jaws 150 to their 
open position. Longitudinal slots 204 provide a recess 
to receive leaf springs 200 when jaws 150 are moved to 
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their closed position, as shown in Fig. 23. 
[0053] Referring to Fig. 22, each arm 166 includes a 
cam member 206 positioned along its outer face 208 
and retained within a slot 209 in arm 1 66 by screw 21 1 . 
Each cam member 206 includes a rearward facing bev- s 
eled edge 210. 

[0054] Fork 212, carried by housing 152, is similar to 
fork 70 in that it includes a longitudinal slot 213 through 
which pin 168 extends and has rollers 216 at the end of 
each tine to roll along and engage cam member 206 w 
when moved from a proximal position, as best seen in 
Figs. 20, to a distal position, shown in Fig. 23. Rollers 
216 are positioned in elongated slots 218 in the interior 
wall of housing 152 to prevent twisting of fork 212 within 
hollow 162. Rollers 216 contact the opposed recessed is 
wall portions of slots 218, and roll along recessed wall 
portions of slots 218 during the longitudinal movement 
of fork 21 2. The movement of fork 212 between its prox- 
imal position, intermediate position, and distal position 
for firing the fastener 220 is identical to the previous 20 
embodiment described with reference to Figs. 2 and 6. 
[0055] The mechanism 225 (Fig. 21) for ejecting fas- 
teners 220 are similar to that described with respect to 
the first embodiment. The mechanism includes an elon- 
gated plunger 226, an inner, elongated stationary tubu- 25 
lar member 228 and a longitudinally movable outer 
tubular member 230, which concentrically surrounds 
tubular member 228 and is adapted to move longitudi- 
nally therealong. Referring to Figs. 21 and 24, tubular 
member 228 is secured within a bore 232 and includes 30 
an arcuate, curved portion 234. Plunger 226 comprises 
a flexible wire-like rod, preferably composed of the 
same material as plunger 84, that extends longitudinally 
through stationary tubular member 228 into tubular 
member 230. As may be appreciated, the cross-section 35 
of the wire-like rod approximately matches the cross- 
section of fastener 220. The enclosed end of plunger 
226 is secured within tubular member 230 such that 
plunger 226 moves longitudinally with tubular member 
230. 40 
[0056] In operation, the mechanism for approximating 
the body tissue and for firing the rod-like fasteners is 
identical to the operation described for the embodiment 
shown in Figs. 2-6. However, the actual rod-like firing 
system is unique in some respects to the embodiment 45 
of Fig. 15 as is described below. 
[0057] Referring once again to Fig. 21 , path 244 com- 
prises a pair of spaced, axially aligned segments 244a, 
244b, with segment 244a connecting with arcuate, 
curved portion 234 of tubular member 228, and seg- so 
ment 244b connecting with longitudinal void 224 formed 
between the closed jaws. Path 244 is similarly provided 
by furnishing the cartridge body extension of divider 
198, hereinafter described, with bore-like passages 
constructed as previously described. 55 
[0058] Prior to ejection, fastener 220 is axially aligned 
between segments 244a, 244b and plunger 226 and is 
positioned in segment 224a with its proximal end 246 



abutting the distal end 248 of fastener 220. Upon move- 
ment of fork 212 from its intermediate to its distal posi- 
tion, crosshead guide 240 abuts annular abutment 238, 
allowing outer tubular member 230 and plunger 226 to 
be moved longitudinally (see Fig. 24) to eject (fire) fas- 
tener 220 through segment 244b to penetrate the over- 
lapped end portions of body tissue held between 
transverse jaw members 158a, 158b. Plunger 226 is 
subsequently withdrawn to its original position by return 
of fork 212 to its proximal position. 
[0059] With continued reference to Figs. 21 and 24, an 
alternative fastener cartridge 250 is shown which is 
adapted to hold a plurality of fasteners 220 for sequen- 
tial ejection, one at a time in end to end relationship, into 
body tissue. The body of fastener cartridge 250 is 
formed of attachable casing halves and is preferably 
integral with divider 198. 

[0060] Elongated chamber 254 of cartridge 250 is 
configured and dimensioned to stack fasteners 220 ver- 
tically in face-to-face contacting relationship along their 
respective longitudinal surfaces. The cross-sectional 
dimension of chamber 254 is equal to or slightly greater 
than the major diameter of each rod-like fastener 220 to 
facilitate a snug fit for each fastener 220 within the 
chamber. 

[0061 ] Fasteners 220 are biased downwardly in cham- 
ber 254 by spring 264 and follower 262 (Figs. 21 and 
24), with the lowermost fastener in the segment 
between bore-like segments 244a, 244b. After each fas- 
tener 220 is ejected, plunger 226 is withdrawn longitudi- 
nally into segment 244a to allow the next fastener 220 to 
move into the firing chamber segment as spring 264 
exerts a force on follower 262. 
[0062] Cover 256 is removably fastened to housing 
152 by a screw 258. The upper end of spring 264 is 
retained by a nipple formed on the underside of cover 
256, and the lower end of spring 264 is retained in a slot 
formed in the top portion of follower 262. Removable 
cover 256 allows access to fasteners 252 and allows the 
cartridge 250 to be removed and replaced with another 
loaded cartridge. The new cartridge can optionally con- 
tain fasteners of a different size. Elongated window 266 
bisects opposite side portions of chamber 254 to allow 
the position of follower 262 to be visually observed to 
indicate the remaining number of fasteners 252 (See 
Figs. 15 and 25). 

[0063] Referring to Figs. 15-19, a pair of handles 154 
are shown for moving fork 212 between its proximal and 
distal positions. Although the handle mechanism is 
described for use in the embodiment of Figure 15, it can 
also be used as an alternative to handles 128 and 130 
of the embodiment of Figure 1 for actuating fork 70. 
Handles 154 extend generally rearwardly from handle 
portion 268 and are pivotally connected to handle por- 
tion 268 by pivot pins 270 for movement between an 
open position as shown in Fig. 16, to a closed position 
as shown in Fig. 18. 

[0064] Squeezing handles 1 54 together actuates par- 
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allelogram transmission 272 to cause jaws 158 to move 
to their closed position and plunger 226 to move longitu- 
dinally from its retracted position to its extended position 
to eject and discharge fastener 220. Parallelogram 
transmission 272 is pivotally connected at opposite 
ends thereof to handles 154 by pins 274 slidably 
mounted within elongated slots 276, so that the pivotal 
motion of handles 1 54 toward and away from each other 
allows parallelogram 272 to expand and contract. 
[0065] Pin 280 connects parallelogram transmission 
272 at its proximal end 278 to the handle portion 268 
and pin 284 connects transmission 272 at its distal end 
to drawbar 282. As parallelogram 272 contracts under 
the influence of the pivotal motion of handles 154, caus- 
ing its forward end to move longitudinally forward in the 
direction of arrow 286, longitudinal motion is transferred 
to drawbar 282 which being connected to fork 212, 
transfers longitudinal motion thereto. A spring 288 
attached between the rear end of drawbar 282 and the 
handle portion 268 causes drawbar 282 to move rear- 
wardly when handles 154 are released, thus returning 
fork 212 to its proximal position. Movement of drawbar 
282 rearwardly also returns handles 154 to their open 
position. 

[0066] Referring to Figs. 26-29, an alternative form of 
actuating handles are shown which can be utilized with 
either embodiment of the present invention. Handle 292 
is pivotally connected to handle portion 294, and is 
adapted to pivot about pin 296 from an open position as 
shown in Fig. 26, toward a closed position adjacent han- 
dle 290, as shown in Fig. 29, to move fork 212 to its dis- 
tal position to thereby close jaws 158 and to move 
plunger 226 longitudinally to its extended position to dis- 
charge fastener 220. 

[0067] Referring to Figs. 26-29, rack and pinion 
assembly 298 translates the pivotal motion of handles 
290, 292 to longitudinal motion of fork. Rack and pinion 
assembly 298 includes a pair of spaced, opposed racks 
300, 302, pinion gear 304, and link member 306 which 
interconnects handle 292 and pinion gear 304. Rack 
300 is fixedly secured to handle portion 294 by a pair of 
cap screws 308 and pinion gear 304 is positioned 
between racks 300, 302, with its teeth engaged with 
racks 300, 302. One end of link 306 is pivotally con- 
nected via a pin 310 to handle 292 and the other end is 
attached to pinion gear 304 by a pin 312, about which 
gear 304 rotates. 

[0068] Rack 302 is carried within handle portion 294, 
and is adapted for longitudinal movement therein. As 
handle 292 is pivoted towards its closed position, link 
member 306 moves gear 304 distally, as indicated in 
Fig. 28 by arrow 314. Rack 302 is intermeshed with 
gear 304 so that rotation of gear 304 causes rack 300 to 
move longitudinally. As gear 304 moves longitudinally 
forward along rack 300, gear 304 rotates counterclock- 
wise causing rack 302 to move longitudinally distally. 
Rack 302 is connectable to fork 212 adjacent its proxi- 
mal end and transfers longitudinal motion to fork 212 



such that fork 212 moves from its proximal position to its 
distal position. 

[0069] Spring 297, shown schematically in Fig. 29, 
attached between the rear end of rack 302 and the rear- 

5 wardmost extension of handle portion 294, causes rack 
302 to move longitudinally rearward when handles 290, 
292 are released, thus returning fork 212 to its proximal 
position. As rack 302 moves longitudinally rearwardly, 
gear 304 rotates clockwise, and moves proximally rear- 

10 ward along rack 300 causing link 306 to move proxi- 
mally. Link 306 translates the proximal motion of gear 
304 to handle 292, thus returning handle 292 to its open 
position. 

[0070] Referring now to Fig. 8, the operative principles 
15 of the invention will be described. There is illustrated in 
phantom the upper surface of skin 316 surrounding an 
opening 318 such as a wound or surgical incision. The 
apparatus 10 (or apparatus 148) is positioned such that 
transverse gripping members 18 are placed generally 
20 parallel to the upper surface of the skin, with spaced 
stabilizers 20, 21 positioned to contact the tissue por- 
tions adjacent the proximal and distal ends of griping 
members 18. Alignment pin 59 is positioned to intersect 
with opening 318, and apparatus 10 is lowered in the 
25 direction of the arrow such that sharp tips of the jaws 
pierce the skin minimally. 

[0071 ] Thereafter, squeezing the handles of the appa- 
ratus together moves arms 24 toward each other, clos- 
ing jaws 12, and causing the sharp tips of the gripping 

30 members to intermesh, thus joining the skin portions 
surrounding opening 318 as shown in Fig. 1 1, in an at 
least partially overlapping undulating, or sinusoidal 
waveform shape, as indicated by phantom lines 56. 
[0072] At this point, further squeezing of the handles 

35 causes plunger 84 to move longitudinally, ejecting the 
lowermost elongated rod-like fastener longitudinally 
from the stacked array and into in a position between 
gripping members 18 and penetrating the overlapped 
waveform shape to attach the two body tissue portions 

40 together (see Fig. 13). 

[0073] Subsequently, the handles are released, allow- 
ing spring 60 to bias arms 24 outwardly, thus returning 
jaws 12 to their first, open position and allowing their 
sharp tips to be removed from the body tissue adjacent 

45 opening 31 8. As discussed above, after each fastener is 
discharged, the next rod-like fastener is biased into the 
firing chamber segment of chamber 105 under the influ- 
ence of springs 110. 

[0074] Depending upon the nature and size of open- 
50 ing 318, one or more fasteners may be discharged in 
sequence and in adjacent end to end relation, starting 
at the distalmost segment of the wound and advancing 
progressively rearwardly to the proximalmost segment 
of the wound. That is, the apparatus 10 is repositioned 
55 rearwardly with its forwardmost stabilizer plate 20 adja- 
cent the rearmost fastener and pin 59 extending into 
opening 318, and abutting the rearmost end of the pre- 
viously discharged fastener. Thereafter, squeezing the 
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handles of the apparatus together once again closes 
jaws 12, causing the sharp tips of the gripping members 
to intermesh to join the skin segments surrounding 
opening 318, and causing another fastener to be dis- 
charged to penetrate the overlapped waveform shape to 
attach the two tissue segments. The handles may now 
be released to return jaws 1 2 to their first, open position, 
allowing the sharp tips of jaws 12 to be removed from 
the body tissue adjacent opening 318. 
[0075] The apparatus may then be repositioned as 
necessary in the area adjacent the rearmost inserted 
fastener to join other segments of opening 318, as 
described above, until the proximalmost segment of 
opening 318 is closed. As may be appreciated, the fas- 
teners retain the separate portions of skin in engaged 
relation such that opening 318 in the skin is prepared for 
natural permanent healing and adhesion with minimum 
or no scarring. 

[0076] The embodiment of Figure 21 operates in the 
same manner as described above to close an opening 
in the body tissue. As is clear, the various handle mech- 
anisms described above can e used to close the jaws 
and fire the fasteners for either embodiment. 
[0077] Referring now to Fig. 30, an alternative embod- 
iment of the apparatus of the invention is disclosed. This 
embodiment incorporates inter alia , the following fea- 
tures: 

a) a pair of jaws each having dual pairs of skin grip- 
ping tips; 

b) a fork and roller system to approximate the jaws 
with an associated coil spring spreader system; 

c) a coil spring system to bias rod-like fasteners 
toward the firing position; 

d) a visual color indicator system to inform the sur- 
geon when the last fastener has been fired; 

e) a unitary flexible fork driving system to approxi- 
mate the jaws and to advance fasteners, utilizing 
few components; and 

f) a stabilizer platform for orienting and positioning 
the apparatus for effective firing of fasteners. 

[0078] Referring again to Fig. 30, a perspective view 
of the present embodiment of the apparatus 400 is illus- 
trated. As in the embodiments described hereinabove, 
jaws 412 are carried by housing 414 which provides an 
effective support frame for the jaws. The housing may 
be formed of two parts as shown appropriately adhe- 
sively attached or welded together. Handle section 416 
is provided and configured for gripping the frame and 
trigger mechanism 418 is pivotally attached to housing 
414 in a manner to be described hereinbelow. This trig- 
ger mechanism is arranged to facilitate approximation of 



the tissue gripping jaws followed by firing of elongated 
rod-like fasteners in a manner somewhat similar to the 
manner described hereinabove. 
[0079] Referring to Fig. 31 , the apparatus 400 incor- 

5 porates a uniquely configured broad-based stabilizer 
platform 420 which is preferably constructed integrally 
with the outer housing 414 and which is of dimensions 
sufficient to assist the surgeon in positioning and orient- 
ing the gripper jaws to approximate the tissue portions 

w utilizing the sharp gripping tips 428 as described previ- 
ously. In particular, the broad based platform advanta- 
geously provides a guide to enable the surgeon to 
position the skin gripping tips 428 at the most favorable 
angle with respect to the surface of the skin so as to fire 

15 the rod-like fasteners in a preferred predetermined ori- 
entation and direction. The platform 420 preferably has 
a generally square configuration as shown. However, 
other geometric configurations are contemplated to pro- 
vide sufficient surface area and lateral dimensions to 

20 enable the surgeon to place the apparatus against the 
skin while retaining the approximating jaws 412 in the 
proper position and orientation. Platform 420 is prefera- 
bly constructed integrally with the housing and may be 
made of the same material. One such material is a poly- 

25 carbonate material such as LEXAN® brand material by 
General Electric Corporation. 

[0080] Referring now to Fig. 31, in conjunction with 
Fig. 32, it can be seen that the tissue gripping tips 428 
are configured in the present embodiment as dual 

30 opposed pairs of sharp tips positioned such that when 
the jaws are closed for gripping tissue each pair of 
sharp tips are positioned in adjacent overlapping fash- 
ion with the next pair of sharp tips in a somewhat modi- 
fied interdigitating arrangement. The provision of pairs 

35 of dual adjacent sharp tips as shown distributes the 
approximating forces uniformly over the area of the tis- 
sue surrounding the opening. 
[0081] Referring once again to Fig. 31 , in conjunction 
with Figs. 32 and 33, locator alignment pin 422 is posi- 

40 tioned in housing 424 and biased outwardly of the hous- 
ing by spring 426 shown schematically in Fig. 33. The 
pin 422 is intended to perform similarly to alignment pin 
59 and 199 in the previous embodiments and serves to 
provide the surgeon with a device which is readily 

45 insertable into the opening in the body tissue after each 
rod-like fastener is fired so as to enable the surgeon to 
align the skin-gripping jaws 428 precisely with respect 
to the opening so as to make certain that firing of the 
fastener is as central to the tissue opening as is possi- 

so ble. At a point when substantially the entire opening with 
tissue has been fastened and a small unfastened por- 
tion remains, completion of the closure may be accom- 
plished with one more rod-like fastener. In such case, 
alignment pin 422 will encounter resistance against the 

55 sealed position, causing spring 426 to be compressed 
to retract alignment pin 422 to permit gripper jaws 428 
to grip the remaining portion of the opening for fastening 
thereof. 
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[0082] Referring now to Fig. 32, there is shown a view 
partially in cross-section taken along lines 32-32 of Fig. 
30 in which an alternative arrangement is provided for 
closing the jaws and for biasing the jaws toward the 
open position. Jaws 428 are attached to the distal ends 5 
of arms 430, 432 which are pivotally connected at pin 
434 as shown. Arms 430, 432 are pivotally connected 
by pin 436 and are biased away from each other by coil 
spring 436, each end of which is attached to a respec- 
tive inner surface portion of each arm 430, 432 as w 
shown. The normal or open - rest position of the jaws is 
as shown in solid lines in Fig. 32. The manually opera- 
ble jaw approximating and firing system which is sup- 
ported within handle section 416 of housing 414 as will 
be described hereinbelow, is connected to yoke 434 ^ 
having central shaft 434a and yoke arms 434b and 434c 
extending outwardly therefrom as shown. Bach support 
arm 434b, 434c rotatably supports roller 438 and 440 
respectively at the distal end as best shown in Fig. 32. 
When yoke 434 is advanced distally from the initial prox- 20 
imal position the rollers 438, 440 engage and ride up 
camming surfaces 430b, 432b causing spring biased 
arms 430 and 432 to be approximated toward each 
other so as to cause the jaws 412 to move to the closed 
position shown in Fig. 31. Thereafter rollers 438, 440 2 s 
engageably roll along grooved surfaces 430a, 432 to 
complete the approximation of the jaws 412. 
[0083] . To open the jaws 412 to the open positions 
shown in dotted lines in Fig. 32, yoke 434 is withdrawn 
in the direction illustrated by arrows A & B in Fig. 32 to a 30 
proximal position until the rollers 438, 440 reach 
ramped surfaces 430b and 432b shown in dotted lines 
in Fig. 32. When the rollers 438, 440 are moved to a 
position proximal of surfaces 430a, 432a, and are disen- 
gaged from the pivotal arms 430, 432, resilient spring 35 
436 causes the arms to move outwardly from each 
other causing the gripper jaws 412 to move away from 
each other toward the open position shown in dotted 
lines in Fig. 32. 

[0084] Referring now to Fig. 33 in conjunction with Fig. 40 
32, the fastener support cartridge 442 for storing rod- 
like fasteners 444 in position for firing is shown. This 
cartridge 442 may be disposable with the instrument, or 
it may be removable and replaceable. Further, if the car- 
tridge 442 is structured to be removable, it is contem- 45 
plated that the cartridge may either be disposable or 
refillable with fasteners. 

[0085] The rod-like fasteners 444 are biased toward 
the firing position at the lower portion of the cartridge 
442 by follower bar 446 which is biased downwardly so 
toward the firing position by coil spring 448 as shown in 
Fig. 33. Thus, each rod-like fastener 444 is fired out of 
opening 450 located immediately proximal of the jaws 
and into the body tissue for fastening. At this point, the 
entire stack of rod-like fasteners is automatically moved 55 
downwardly under pressure of coil spring 448 to posi- 
tion the next rod-like fastener in line for firing through 
opening 450. The coil spring 448 is suitably supported 



as shown and is constructed of a material and has a 
spring rate which facilitates the continuous application 
of downward pressure on the fastener follower 446 until 
the last fastener has been fired as is shown in Fig. 36. 
[0086] A visual indicator flag 452 shown in Figs. 33, 35 
and 36 is positioned above coil spring 448 and is 
attached at 452b and 452c to fastener follower bar 446 
as shown in Fig. 35 in a manner such that the flag 452 
moves in a downwardly distal direction as the fastener 
follower bar 446 is advanced progressively downwardly 
as each fastener is fired. The proximal end portion of 
flag 452 contains an area 452a which is brightly colored 
(i.e. yellow) and which begins appearing behind open 
window 414a in housing 414 when a predetermined 
number of fasteners have been fired. Ultimately, the 
entire rectangular brightly colored portion 450a of the 
flag fully appears in window 414a after the last fastener 
has been fired. The flag 452 is flexible and is adapted to 
move distally and conform to the gradually curved con- 
figuration of coil spring 448 as the fasteners are fired. 
The flag may be made of a thin plastic sheet, for exam- 
ple. Initially, the major portion of the flag 452 is straight 
as shown in Fig. 33. Furthermore, the length of the flag 
452 in relation to the position of the brightly colored area 
450a is determined such that the brightly colored area 
appears within window 414a after the last fastener has 
been fired. Also, the flag 452 and window 414 may con- 
tain calibrated markings to provide indication to the sur- 
geon of the number of fasteners remaining in the 
cartridge at any time corresponding to the location of 
the flag. 

[0087] Referring now to Fig. 34 in conjunction with Fig. 
33, an alternative system for firing the fasteners is 
embodied in firing plate 454 which is positioned within 
an appropriate space provided in the lower portion of 
housing 414 as shown in Fig. 33. Fastener firing plate 
454 contains a rectangular opening 454a for reception 
of firing bar 456 which is attached to yoke 434. Thus, 
when yoke 434 is advanced distally by the mechanism 
contained within housing 414 as will be described here- 
inbelow, firing rod 456 advances distally from its initial 
rest position, i.e. against proximal edge of rectangular 
opening 454a, until it engages the distal wall of opening 
454a at which point advancement of fastener firing plate 
454 toward rod-like fasteners 444 begins. Prior to 
engagement of the fastener firing rod 456 with the distal 
edge of opening 454a of firing plate 454 the movement 
of firing bar 456 between the two edges of opening 454a 
represents corresponding movement of the yoke 434 
between the open jaw and the closed jaw positions. 
Thus, at the point when firing bar 456 engages the distal 
edge of plate opening 454a and begins advancing plate 
454 distally to fire the next in line rod-like fastener, the 
rollers 438 are at their proximal location shown in dotted 
lines in Fig. 32 and the jaws 428 are closed. The 
remaining distal movement of yoke 434 causes the 
plate 454 to fire the next-in-line fastener 444 through 
opening 450 while rollers 438 are advanced from the 
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proximal positions shown in dotted lines in Fig. 32 to the 
distal positions shown in solid lines in Fig. 32. 
[0088] During this latter movement the jaws 412 are 
closed, except that the distal position of the rollers pro- 
vides somewhat greater, or more positive closing force 5 
on the jaws due to their relative distal location. 
[0089] Thus, when the body tissue is initially gripped 
between the sharp gripping tips 428 of jaws 412, the 
jaws are then approximated by the movement of the 
yoke 434 and the engagement by rollers 438, 440 with 10 
the engaging surfaces 430a and 432a of jaw supporting 
arms 430 and 432. The approximation of the sharp tips 
428 of jaws 412 causes the body tissue to assume the 
undulating pattern around the opening as described in 
connection with the previous embodiments. Continued 15 
advancement of the yoke causes firing of the fastener to 
the body tissue as described. 
[0090] The fastener is moved distally through the low- 
ermost opening 450 in housing 414 by the force of elon- 
gated fastener firing pin 454b which extends distally of 20 
the plate 454. The rod-like fasteners are preferably of a 
bio-absorbable material as noted previously. The fas- 
teners are elongated and preferably have a rectangular 
cross-sectional configuration. The fasteners also are 
flexible and resilient and therefore are capable of pass- 25 
ing through the curve of opening 450. Furthermore, fas- 
tener plate 454 is also preferably made of a super 
elastic material such as TINEL brand metal available 
from Raychem Corporation, Menlo Park, California and 
is therefore sufficiently resilient to follow the curved path 30 
of the fastener. In order to assist this firing step the distal 
portion of fastener firing pin 454b is straight over the 
major portion of its length and contains a slight curva- 
ture as shown in Fig. 34 and is sufficiently flexible to 
facilitate passage through the curved portion of aper- 35 
ture 450. Alternatively, the fastener firing plate may be 
constructed of other super-elastic materials such as 
NITINOL brand metal. Hardened, yet flexible steel, or 
even plastic, are also contemplated. 
[0091] In summary, it can be appreciated that when 40 
the apparatus is fired by squeezing trigger 418 toward 
handle 416 a forward force is transmitted to yoke 434. 
This force provides a two-step function as follows: 

1. Approximation of the gripper jaws 428 toward 45 
each other in order to approximate the body tissue 
surrounding the opening and gripped by sharp tips 
428; and 

2. Thereafter, firing of the rod-like fastener into the so 
body tissue at the undulating interface created by 
the approximated jaws. 

[0092] Referring now to Figs. 37-42, the mechanism 
supported by housing 414 for providing the requisite 55 
distal force on yoke 434 for approximating the jaws and 
sharp gripper tips and for thereafter firing the rod-like 
fasteners into the body tissue will now be described. 



Supported by and contained within housing 414 is a 
flexible strap 458 connected to trigger 418 which is piv- 
otally mounted to housing 414 by pin 460. Flexible strap 
458 is arranged to be slidably supported within curved 
tracks 462 and 464 and includes at the distal end por- 
tion cylindrical connector member 466 which contains 
an appropriately configured opening 466a for reception 
and attachment of the proximal shaft 434b of yoke 434. 
The connection between the flanged aperture 466a of 
connector 466 and the flange 434c of shaft 434b is as 
shown in Fig. 37, accomplished by inserting shaft 434b 
into the central slot 466b shown clearly in Fig. 39. Disc- 
like head 434c is thus connected to connector 466 to 
connect shaft 434b to connector 466. This connection 
causes yoke 434 to move distally with connector 466 
when the trigger 418 is squeezed. Thus, when the con- 
nector moves distally shaft 434b and yoke 434 moves 
distally and when the connector moves proximally shaft 
434b and yoke 434 moves proximally. 
[0093] Flexible strap 458 may be of flexible metal con- 
struction or of any flexible material of sufficient strength 
to transfer forces to yoke 434. Such alternative materi- 
als such as LEXAN brand polycarbonate or the like may 
be used. As best shown in Fig. 38, the flexible strap 458 
contains a raised nylon pad 468 which is flexible and 
resilient and, thus engageable by pawl 470 which is piv- 
otally mounted on shaft 472 and biased toward counter- 
clockwise rotation by spring 474. Nylon pad 468 
functions as a ratchet plate as will be described. 
[0094] Elongated coil spring 476 is connected at one 
end to pin 480 and at the other end to slotted connector 
flap 482 which is integrally connected to trigger 418 
such that when assembled, pivotal movement of trigger 
418 toward hand-rip 41 6 is resisted by the bias of spring 
476 as shown. Thus, manually squeezing trigger 418 
toward handle grip portion 416 causes spring 476 to 
become extended as shown particularly in Fig. 38 
against the bias of the trigger 418. The normal bias on 
trigger 418 by spring 476 is toward the rest position 
shown in Fig. 37. 

[0095] Referring now to Figs. 37 and 38, squeezing of 
trigger 418 toward hand grip 416 causes flexible strap 
458 to advance about the curved path defined between 
support tracks 462 and 464 causes the distally posi- 
tioned connector 466 to move in the distal direction with 
the strap 458. As the strap 458 advances distally within 
the space defined by curved tracks 462 and 464, the 
resilient nylon pad engages pawl 470 which is pivotally 
mounted on shaft 472 and biased counterclockwise by 
spring 474. 

[0096] During advancement of strap 458, should the 
operator discontinue the trigger motion for fastener 
aligning purposes or otherwise, the constant bias of 
spring 476 on trigger 418 causes strap 458 to retrace a 
small proximal distance until the tip 470a of pawl 470 
forcefully engages the nylon pad 468 and the spring 
force causes the tip of pawl 470 to create a slight inden- 
tation as best shown at 468a in Fig. 40. This flexible 
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resilient engagement of the pawl 470 with nylon pad 
468 creates a jamming of the pawl 472 and nylon 
ratchet pad 468 prevents further reverse movement of 
the strap 458. Thereafter, when the surgeon resumes 
the tissue approximating and firing sequence the trigger 
418 is simply pulled further proximally toward handle 
grip 416 until the jaws have been fully approximated and 
the elongated rod-like fastener has been fired as 
described hereinabove. At this stage of the sequence, 
nylon pad 468 will have already passed pawl 470 as 
shown in Fig. 38 thus discontinuing the interaction 
between the pawl 470 and the nylon pad 468. When the 
trigger is released and permitted to return to its rest 
position as shown in Figs. 30 and 37, the trigger is nat- 
urally biased by coil spring 476 and pawl 470 is permit- 
ted to assume a downwardly sloped orientation under 
the bias of spring 474. Also a downward force is pro- 
vided on the tip 470a of the pawl 470 by the downward 
movement of the strap 458 engaging and passing the tip 
470a of the pawl 470. Thereafter, the next tissue 
approximating and fastener firing sequence may be 
repeated as described hereinabove. 
[0097] Referring now to Figs. 43-47 another alterna- 
tive embodiment of a tissue approximating system is 
illustrated. The apparatus 500 is shown in Fig. 43 and 
includes housing 514 with hand grip 516 and trigger 518 
for approximating the body tissue surrounding an open- 
ing and for firing rod-like fasteners in a manner similar to 
the embodiments previously described. The apparatus 
shown in Fig. 43 incorporates an alternative tissue 
approximating system as shown in Figs. 44 - 47 as will 
be described. 

[0098] Referring now to Fig. 44, tissue approximating 
arms 530 and 532 are pivotally connected to each other 
by associated flanges 530a and 532a through which 
pivot pin 531 extends. Pivot pin 531 supports wire-like 
spring 534 via loop 534a extending around the pin 531 . 
The spring 534 is arranged to bias tissue approximating 
arms 530, 532 pivotally away from each other at the por- 
tions distal of the pivot pin 531 and in the portions prox- 
imal of the pin 531 the portions of arms 530, 532 are 
biased toward each other as shown. The arms 530, 532 
resemble a spring-type clothes pin. 
[0099] Referring now to Figs. 44 - 47, a linear gear- 
type arrangement is provided in the form of elongated 
rack 536 having a circular cross-section and a plurality 
of individual circular teeth 536a is provided as shown. 
Trigger 51 8 is pivotally mounted to housing 41 4 via pivot 
pin 538 and contains a plurality of upstanding teeth 540 
extending over arcuately shaped surface portion 542 of 
drive member 541. Teeth 540 of arcuate drive member 
541 are dimensioned to mesh and interengage with 
teeth 536a of rack 536. When trigger 518 is pulled man- 
ually toward hand grip 516 arcuate drive member 541 
rotates counterclockwise and teeth 540 associated 
therewith interengage the teeth 536a of rack 536 caus- 
ing rack 536 to advance distally until the distal member 
544 engages the proximal end portions of tissue 



approximating arms 530 and 532. Continued squeezing 
of trigger 518 toward hand grip 518 causes continued 
advancement of the distal member 544 connected to 
rack 536 to actually engage ramped surfaces 530b, 

5 532b to cause the proximal portions of tissue approxi- 
mating arms 530, 532 to spread apart as shown in Fig. 
47. This movement causes the distal portions of the 
approximating arms 530, 532 to move toward each 
other. This movement causes the skin approximating 

ro sharp tips 528 of jaws 51 2 to move to a somewhat inter- 
digitated position (i.e. adjacent opposed, and partially 
overlapped positions as best shown in Fig. 31) to grip 
tissue as noted and described in connection with the 
previous embodiment. It can be seen that elongated 

75 rack 536 and upstanding teeth 540 of drive member 541 
essentially function in a manner, similar to a linear ver- 
sion of a set of rotary gears. 

[0100] As seen in Figs. 44, 45 and 47, the distal most 
tip of the distal portion of tissue approximating drive 
20 member 544 is arcuately shaped. The surfaces 530b 
and 532b of the tissue approximating arms 530, 532 are 
sloped and oriented to receive the arcuate distal surface 
of drive member 544 as shown in Figs. 44 and 47. Thus, 
the engagement of the arcuate distal surface of drive 
25 member 544 with the tissue approximating arms 530, 
532 is facilitated by gradual movement of member 544 
up the ramped surfaces 530b, 532b, and the approxima- 
tion of the distal movement of the arms is facilitated by 
forces operative counter to resilient spring 534. 
30 [0101] Fastener cartridge 543 is removable and 
replaceable and stores rod-like fasteners 552 biased 
downwardly by spring loaded follower 545. Fastener 
ejection is accomplished directly by coil spring 547 
which functions as a pusher plate and which is biased 
35 proximally by spring action. Thus, spring 547 may be 
advanced distally by a pusher system similar to the pre- 
vious embodiments. After firing the fastener and release 
of the firing system, the pusher mechanism will return to 
its original position under bias of spring 547. Alterna- 
te? tively, spring 54, may be attached to a separate pusher 
plate which will operate in a manner similar to the 
embodiment shown. 

[0102] In order to enable the surgeon to discontinue 
the tissue approximating motion for purposes of align- 

45 ment and/or orientation of the fastener, trigger 518 con- 
tains an arcuate shaped member 546 which contains a 
plurality of ratchet teeth 548 along the upper arcuate 
surface as shown. The teeth are arranged for engage- 
ment by leaf spring 550 (shown in side view only) which 

so is connected to housing 514 by pin 551 and biased 
downwardly toward, teeth 548. 
[01 03] In operation the surgeon positions the jaws 51 2 
against the opening in the body tissue to cause sharp 
tips 528 to grip the tissue straddling the opening and 

55 then squeezes the trigger 518 sufficiently proximally 
toward hand grip 516 to cause engagement between 
the wire-like spring 550 until teeth 548 of arcuate mem- 
ber 546. Thereafter, proximal squeezing motion of the 
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trigger may be discontinued for fastener alignment or 
other purposes while the trigger is retained in the par- 
tially squeezed position. After perfecting the position 
and orientation of the jaws 512, continued proximal 
motion of the trigger 518 is resumed to complete the tis- 
sue approximating and fastener firing sequence. At the 
completion of the stroke, the ratchet teeth 548 ultimately 
advance to a position distal of the spring 550 and the 
spring 550 drops to a disengaged position. The spring 
550 and drive member 542 may be arranged by known 
means to permit the trigger to return to its unloaded ini- 
tial position in preparation for the next firing sequence 
as described hereinabove. For example, a ramped sur- 
face may be provided to displace spring out of interfer- 
ence with arcuate member 546 to permit trigger 518 to 
pivot distally to its initial position. Alternatively, leaf 
spring 550 may contain an aperture through which arcu- 
ate member 546 may pass to permit trigger 518 to 
return to its initial position without interference from 
arcuate member 546. 

[0104] Referring to Fig. 46 in conjunction with Fig. 43 
alignment pin 554 is provided within housing 556 and 
spring biased outwardly by resilient spring 558 in a 
manner identical to the alignment pin 422 described in 
connection with the previous embodiments. The struc- 
ture and operation of the alignment pin 554 is identical 
to the structure and function of the alignment pin 
described hereinabove with the previous embodiment. 
[0105] The function and operation of the apparatus is 
shown in Figs. 43-47 is identical to the embodiments 
described previously. It can be appreciated that this 
embodiment utilizes a reduced number of components. 
[0106] Although the embodiments herein contemplate 
subcuticular attachment of cutaneous matter, it is within 
the scope of the invention to apply such rod-like fasten- 
ers at subcutaneous levels, i.e. below the epidermis and 
dermis. As may be further appreciated, the jaws, fork, 
divider and cartridge may be provided as an assembly 
which is slid longitudinally into the elongated hollow of 
the housing, and therein retained by suitable means 
such as a screw. Also, as noted, the fastener cartridge 
may be either permanently attached or it may be remov- 
able and replaceable. 

Claims 

1. Surgical apparatus (10) for attaching at least two 
end portions of body tissue at an interface, which 
comprises: 

a) a proximal and a distal end portion; 

b) a pair of opposed shaped jaws (12) at the 
distal end portion; 

c) body tissue engaging means (18) extending 
from each jaw and facing said opposed jaw and 
adapted to engage respective opposed tissue 
portions such that, when said jaws are moved 
toward each other, said opposed engaging 



means together define an overlapping shape at 
the said interface; 

d) means (83) to direct a fastening member 
(78) generally medially of said body tissue 

5 interface through the overlapping shape to 

thereby attach the opposed portions of the 
body tissue; 

e) actuating means (16) at the proximal end 
portion, for manual manipulation; and 

10 f) means (66) actuated by said actuating 

means for moving said opposed jaws toward 
each other and thereby bring the opposed 
engaging means into their overlapping shape. 

15 2. Apparatus as claimed in claim 1 , wherein said actu- 
ating means comprises at least one pivotally 
mounted handle (16) manually movable to actuate 
said moving means. 

20 3. Apparatus as claimed in claim 2, further compris- 
ing: 

a) a rack (302) having a plurality of teeth; and 

b) a drive member (304) attached to said piv- 
25 otal handle and having a plurality of teeth 

dimensioned and adapted to mesh with said 
teeth of said rack and arranged for engage- 
ment with said teeth of said rack such that 
when said pivotal handle is pivoted toward 
30 another handle, said engagement of said teeth 

of said rack by said teeth of said drive member 
causes said rack to move distally. 

4. Apparatus as claimed in claim 2 or 3 wherein initial 
35 movement of said at least one handle (16) moves 

said jaws toward each other and further movement 
of said handle causes ejection of said at least one 
fastening member (78) into the interface of said 
body tissue. 

40 

5. Apparatus as claimed in any one of the preceding 
claims including a plurality of fastening members 
(78). 

45 6. Apparatus as claimed in claim 5 wherein the fasten- 
ing members are constituted by rod-like members 
(78, 78') carried in a stacked configuration proxi- 
mally of said jaws, as by a cartridge, each rod-like 
member being individually moveable to penetrate 

50 said body tissue portions when drawn together. 

7. Apparatus as claimed in any one of the preceding 
claims further comprising: 

55 a) a plurality of rod-like fastener members (78) 

positioned for sequential ejection generally 
medially of said jaws when said jaws are 
moved toward each other; and 
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b) manually operable gripping means (16) 
adapted to move said jaws toward each other 
for gripping the adjacent end portions of the 
body tissue and for ejecting at least one of said 
fasteners into the body tissue. 5 

8. Apparatus as claimed in claim 6 or 7, wherein said 
apparatus further comprises plunger means (84) 
engageable with at least one of said rod-like mem- 
bers and movable from a first position to a second 10 
position to move said rod-like member into said 
body tissue. 



opposed handles extend generally transversely 
from said frame; and 

a rack (302) carried by said frame is movable 
longitudinally by the rotative motion of a pinion 
(304), said cam engaging means (72, 74) being 
connected with said rack for longitudinal motion 
therewith, said pinion being rotated by the 
movement of said handle toward the other to 
move said rack longitudinally to move said cam 
engaging means from its first position to its 
second position. 



9. Apparatus as claimed in any one of the preceding 
claims further comprising : 15 

cam means (68) associated with at least one of 
said jaws (12); 

cam engaging means (72, 74) movable from a 
first position to a second position to engage 
said cam means so as to move at least one of 
said opposed jaws toward the other jaw to said 
second position to move at least one of the 
body tissue portions toward the other to a posi- 
tion wherein said body tissue portions are in 
close approximation. 

10. Apparatus as claimed in claim 9 wherein said appa- 
ratus further comprises: 

a frame; and 

a pair of opposed handles (16) extending gen- 
erally away from said frame with at least one of 
the handles being movable toward and away 
from the other. 

11. Apparatus as claimed in claim 10, and including 
means (70) interconnecting said handles (16) and 
said cam engaging means (72, 74), said link means 
(70) being movable by the movement of at least one 40 
of said handles toward the other, said link means 
adapted to transfer the movement of at least one of 
said handles toward said cam engaging means to 
move said cam engaging means from its first posi- 
tion to its second position. 45 

12. Apparatus as claimed in claim 10, and including a 
parallelogram shaped transmission (272) pivotaily 
interconnected at opposite ends thereof to said 
handles so that the movement of said handles so 
toward and away from each other allows said paral- 
lelogram to expand and contract, said transmission 
interconnecting with said cam engaging means to 
translate the motion of said handles toward each 
other to move said cam engaging means from its 55 
first position to its second position. 

13. Apparatus as claimed in claim 10 wherein said 



14. Apparatus as claimed in any one of claims 9 to 13, 
as dependent on claim 8, wherein said cam engag- 
ing means (72, 74) is movable from its second posi- 
tion to a third position to move said plunger means 
(84) to its second position, said second position of 
said cam engaging means is intermediate said first 
and third positions of said cam engaging means. 

15. Apparatus as claimed in any one of the preceding 
claims, and further comprising a platform (20, 21, 
160, 161, 420) for contacting the opposed tissue 
portions and stabilising the position and orientation 
of the jaws, for precise positioning of the fastening 
member relative to the opposed tissue portions 
while the jaws move relative to the platform wherein 
the stabiliser platform comprises 

a pair of spaced tissue stabiliser surfaces posi- 
tioned adjacent said jaws and in close approxi- 
mation thereto when said jaws are moved 
toward each other to their closed position, said 
stabiliser surfaces being positioned along the 
axis of said path extending transversely 
between said closed jaws and positioned to 
contact body tissue portions adjacent the ends 
of said undulating wave form. 

16. Apparatus as claimed in any one of the preceding 
claims wherein said body tissue engaging means 
comprises a pair of spaced gripping members (18a) 
on one of said jaws, and at least one gripping mem- 
ber (1 8b) positioned on the other of said jaws which 
is positioned between said first mentioned pair of 
spaced gripping members when said jaws are 
moved to their closed position. 

17. Apparatus as claimed in any one of the preceding 
claims further comprising: 

a) a pair of support members (24) for support- 
ing said jaws; 

b) resilient means (60) positioned between said 
support members to bias said support mem- 
bers and said jaws in opposed directions; and 

c) means (70) configured and adapted for 
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advancement in a distal direction in a manner 
to engage said support members whereby said 
support members and said jaws are caused to 
move toward each other. 

18. Apparatus as claimed in any one of the preceding 
claims, wherein the body tissue engaging means 
comprises at least two pairs of dual sharp tippled 
body tissue engaging members (428) extending 
from each jaw and facing said opposed jaw. 

19. Apparatus as claimed in claim 18 wherein a plate 
member (85) having a fastener driving member (84) 
attached thereto is movable distally to individually 
eject said rod-like fastener members (78). 

20. Apparatus as claimed in any one of the preceding 
claims, further comprising a means to provide a vis- 
ual indication (110, 122, 124, 126) when a predeter- 
mined number of fasteners have been ejected. 

21 . Apparatus as claimed in claim 20, wherein said vis- 
ual indication means is a flexible member (110) 
movable between a first position prior to firing a first 
stored fastener to a second position alter firing a 
last stored fastener. 

22. Apparatus as claimed in any one of claims 15 and 
16 to 21 as dependent upon claim 15, wherein the 
platform (420) has an opening in which the said 
jaws move with respect to the body tissue. 

23. Apparatus as claimed in any one of the preceding 
claims further comprising: 

a) a fastener drive plate (454) positioned proxi- 
mally of a leading fastener (444); and 

b) a member (456) associated with said jaw 
approximating means and adapted to engage 
said fastener drive plate when said jaws are 
approximated into adjacent relation whereby 
further actuation of said mechanical means 
cause advancement of said fastener drive plate 
to eject said leading fastener into the medium 
and generally medially of the interface. 

24. Apparatus as claimed in claim 23 wherein said fas- 
tener drive (454) is fabricated of metal having 
super-elastic properties. 

25. Apparatus as claimed in any one of the preceding 
claims, comprising 

yoke means (434) supporting a pair of rollers 
(438, 440) and adapted for movement distally 
whereby said rollers engage respective surface 
portions (430a, 432a) of elongate members 
(430, 432) in manner to approximate said 



members and said jaws are movable proximally 
whereby said members and said jaws are per- 
mitted to move away from each other. 

5 26. Apparatus as claimed in claim 25 including a first 
spring (436) for urging the jaws to move away from 
each other. 

27. Apparatus as claimed in claim 25 or 26, as depend- 
10 ent upon claim 13, wherein the rack (302) is 

attached to said yoke means (434) to cause said 
jaws to approximate. 

28. Apparatus as claimed in claim 25, 26 or 27 as 
15 dependent on claim 23, wherein said yoke means 

includes a member (456) adapted to be advanced 
into engagement with said fastener drive plate to 
eject the leading fastener when said yoke means is 
advanced distally. 

20 

29. Apparatus as claimed in any one of claims 25 to 28, 
further comprising a strap-like member (458) hav- 
ing a connector portion (466) at a distal end thereof 
connected to said yoke means, said strap-like 

25 member movable by movement of said actuating 
means between positions whereby said yoke 
means moves between corresponding proximal 
and distal portions. 

30 30. Apparatus as claimed in claim 29, further compris- 
ing means (470) engageable with said strap-like 
member (458) when said member is moved toward 
said distal position, said engaging means adapted 
to prevent proximal movement of said straplike 

35 member when movement of said actuating means 
J is discontinued. 

31. Apparatus as claimed in claim 30 wherein said 
means engageable with said strap-like member is a 

40 pawl (470) pivotally supported independently of 
said strap-like member. 

32. Apparatus as claimed in any one of the preceding 
claims and further comprising; 

45 

a) resilient means (110, 264, 448, 547) for bias- 
ing at least one elongate rod-like fastener 
toward a fastener ejection position; 

b) a plate-like ejection means for ejecting said 
so elongate fastener in a first direction; and 

c) means (546, 548, 550) for altering the direc- 
tion of said elongate fastener prior to insertion 
into the body tissue. 

55 33. Apparatus as claimed in any one of the preceding 
claims further comprising: 

means (84, 454) for advancing an elongate fas- 
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tener member along a path at least a portion of 
which is non-linear so as to direct said fastener 
member into the location of the tissue end por- 
tions to attach the end portions together. 

34. Apparatus as claimed in any one of the preceding 
claims and including a removable cartridge (543) 
from which the fasteners are dispensed. 

Patentanspruche 

1. Chirurgische Vorrichtung (10) zum Anheften von 
zumindest zwei Endbereichen von KGrpergewebe 
an einer Grenzflache, umfassend: 

a) einen proximalen und einen distalen Endbe- 
reich; 

b) ein Paar von gegenuberliegenden, geform- 
ten Klemmbacken (12) am distalen Endbe- 
reich; 

c) eine Eingriffseinrichtung (18) fur KGrperge- 
webe, die sich von jeder Klemmbacke erstreckt 
und auf die gegenuberliegende Klemmbacke 
gerichtet ist und geeignet ist, urn in Eingriff zu 
treten mit entsprechenden entgegengesetzten 
KGrperbereichen, so dass, wenn die Klemm- 
backen aufeinander bewegt werden, die 
gegenuberliegenden Eingriffseinrichtungen 
zusammen eine uberlappende Form an der 
Grenzflache definieren; 

d) eine Einrichtung (83), urn ein Befestigungs- 
element (78) im Allgemeinen in der Mitte der 
KOrpergewebegrenzfiache durch die uberlap- 
pende Form zu richten, urn damit die entge- 
gengesetzten Bereiche des Kftrpergewebes zu 
verheften; 

e) eine Betatigungseinrichtung (16) am proxi- 
malen Endbereich zur manuellen Betatigung; 
und 

f) eine Einrichtung (66), die durch die Betati- 
gungseinrichtung zum Bewegen der gegen- 
uberliegenden Klemmbacken aufeinander 
betatigt wird und dabei die gegenuberliegen- 
den Eingriffseinrichtungen in ihre uberlap- 
pende Form bringt. 

2. Vorrichtung gemaB Anspruch 1, wobei die Betati- 
gungseinrichtung zumindest einen schwenkbar 
angebrachten Griff (16) umfasst, der von Hand 
betatigbar ist, urn die Bewegungseinrichtung zu 
betatigen. 

3. Vorrichtung gemaB Anspruch 2, weiter umfassend: 



a) eine Zahnstange (302) mit einer Mehrzahl 
von Zahnen; und 

b) ein Antriebselement (304), das an dem 
5 Schwenkgriff angebracht ist und eine Mehrzahl 

von Zahnen besitzt, die dimensioniert und 
geeignet sind, urn mit den Zahnen der Zahn- 
stange zu kammen, und zum Eingriff mit den 
Zahnen der Zahnstange so angeordnet sind, 
10 dass, wenn der Schwenkgriff in Richtung eines 

anderen Griffes verschwenkt wird. der Eingriff 
der Zahne der Zahnstange durch die Zahne 
des Antriebselementes verursacht, dass sich 
die Zahnstange in distaler Richtung bewegt. 

15 

4. Vorrichtung gemaB Anspruch 2 Oder 3, wobei eine 
Anfangsbewegung des zumindest einen Griffes 
(16) die Klemmbacken aufeinanderzu bewegt und 
eine weitere Bewegung des Griffes ein AusstoBen 

20 des zumindest einen Befestigungselementes (78) 
in die Grenzflache des KGrpergewebes verursacht. 

5. Vorrichtung gemaB einem der vorhergehenden 
Anspruche umfassend eine Mehrzahl von Befesti- 

25 gungselementen (78). 

6. Vorrichtung gemaB Anspruch 5, wobei die Befesti- 
gungselemente aus stangenartigen Elementen (78, 
78') aufgebaut sind, die in einer gestapelten Anord- 

30 nung proximal der Klemmbacken, wie durch ein 
Magazin getragen werden, wobei jedes stangenar- 
tige Element einzeln bewegbar ist, urn die KGrper- 
gewebebereiche zu durchdringen, wenn diese 
zusammengezogen sind. 

35 

7. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, weiter umfassend: 

a) eine Mehrzahl von stangenartigen Befesti- 
40 g ere iementen (78), die fur ein aufeinanderfol- 

gendes AusstoBen im Allgemeinen mittig von 
den Klemmbacken angeordnet sind, wenn die 
Klemmbacken aufeinander zu bewegt sind; 
und 

45 

b) eine manuell betatigbare Greifeinrichtung 
(16), die geeignet ist, urn die Klemmbacken 
aufeinander zu zu bewegen, urn die benach- 
barten Endbereiche des KGrpergewebes zu 

so greifen und urn zumindest einen der Befestiger 

in das KOrpergewebe auszustoBen. 

8. Vorrichtung gemaB Anspruch 6 Oder 7, wobei die 
Vorrichtung weiter umfasst eine Kolbeneinrichtung 

55 (84), die mit zumindest einem der stangeneartigen 
Elemente in Eingriff gebracht werden kann und von 
einer ersten Position in eine zweite Position beweg- 
bar ist, urn das stangenartige Element in das KOr- 
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pergewebe zu bewegen. 

9. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, weiter umfassend: 

5 

eine Nockeneinrichtung (68), die zumindest 
einer der Klemmbacken (12) zugeordnet ist; 
eine Nockeneingriffseinrichtung (72, 74), die 
von einer ersten Position in eine zweite Posi- 
tion bewegbar ist, urn in Eingriff zu treten mit 10 
der Nockeneinrichtung, urn zumindest eine der 
gegeniiberliegenden Klemmbacken in Rich- 
tung der anderen Klemmbacke zu der zweiten 
Position zu bewegen, und zumindest einen der 
KGrperbereiche in Richtung des anderen zu is 
einer Position zu bewegen, in der die KGrper- 
gewebebereiche in enger Annaherung sind. 

10. Vorrichtung gemaB Anspruch 9, wobei die Vorrich- 
tung weiterhin umfasst: 20 

einen Rahmen; und 

ein Paar von gegeniiberliegenden Griffen (16), 
die sich im Allgemeinen von dem Rahmen weg 25 
erstrecken, wobei zumindest einer der Griffe in 
Richtung auf den anderen zu und von dem 
anderen bewegbar ist 

11. Vorrichtung gemaB Anspruch 10 und umfassend 30 
eine Einrichtung (70), welche die Griffe (1 6) und die 
Nockeneingriffseinrichtung (72, 74) verbindet, 
wobei die Verbindungseinrichtung (70) durch die 
Bewegung von zumindest einem der Griffe in Rich- 
tung des anderen bewegbar ist, wobei die 35 
Verbindungseinrichtung geeignet ist, urn die Bewe- 
gung des zumindest einen der Griffe in Richtung 

auf die Nockeneingriffseinrichtung zu Cibertragen, 
urn die Nockeneingriffseinrichtung von ihrer ersten 
Position zu ihrer zweiten Position zu bewegen. 40 

12. Vorrichtung gemaB Anspruch 10 und umfassend 
eine parallelgrammfOrmige Obertragung (272), die 
schwenkbar an entgegengesetzten Enden dersel- 
ben an den Griffen verbunden ist, so dass die 45 
Bewegung der Griffe aufeinander zu und voneinan- 
der weg es.dem Parallelogramm gestattet, sich auf- 
zuweiten und zusammenzuziehen, wobei die 
Obertragung die Nockeneingriffseinrichtung verbin- 
det, urn die Bewegung der Griffe aufeinanderzu in so 
eine Bewegung der Nockeneingriffseinrichtung von 
ihrer ersten Position in ihre zweite Position zu uber- 
tragen. 

13. Vorrichtung gemaB Anspruch 10, wobei die gegen- 55 
uberliegenden Griffe sich im Allgemeinen quer von 
dem Rahmen erstrecken; und 



eine Zahnstange (302), die durch den Rahmen 
getragen wird, in Langsrichtung durch die 
Drehbewegung eines Ritzels (304) bewegbar 
ist, wobei die Nockeneingriffseinrichtung (72, 
74) mit der Zahnstange fur eine Ldngsbewe- 
gung mit dieser verbunden ist, das Ritzel durch 
die Bewegung des Griffes in Richtung des 
anderen gedreht wird, um die Zahnstange in 
Langsrichtung zu bewegen, um die Nockenein- 
griffseinrichtung von ihrer ersten Position in 
ihre zweite Position zu bewegen. 

14. Vorrichtung gemaB einem der AnsprOche 9 bis 13, 
sofern diese von Anspruch 8 abhangen, wobei die 
Nockeneingriffseinrichtung (72, 74) von ihrer zwei- 
ten Position in eine dritte Position bewegbar ist, um 
die Kolbeneinrichtung (84) in ihre zweite Position zu 
bewegen, wobei die zweite Position der Nockenein- 
griffseinrichtung zwischen der ersten und dritten 
Position der Nockeneingriffseinrichtung ist. 

15. Vorrichtung gemaB einem der vorhergehenden 
Anspruche und weiter umfassend eine Plattform 
(20, 21, 160, 161. 420). um in Kontakt zu treten mit 
den entgegengesetzten Gewebebereichen und um 
die Position und Ausrichtung der Klemmbacken 
zum prazisen Positionieren der Befestigungsele- 
mente relativ zu den entgegengesetzten Gewebe- 
bereichen zu stabilisieren, wahrend sich die 
Klemmbacken relativ zur Plattform bewegen und 
wobei die Stabilisatorplattform umfasst: 

ein Paar von beabstandeten Gewebestabilisa- 
toroberfiachen, die neben den Klemmbacken 
positioniert und in enger Annaherung zu die- 
sen sind, wenn die Klemmbacken aufeinander 
zu in ihre geschlossene Position bewegt wer- 
den, wobei die Stabilisatoroberfiachen entlang 
der Achse des Pfades positioniert sind, der 
sich quer zwischen den geschlossenen 
Klemmbacken erstreckt und positioniert ist, um 
KOrpergewebebereiche neben den Enden der 
Wellenform zu beruhren. 

16. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, wobei die Eingriffseinrichtung fur K6r- 
pergewebe ein Paar von beabstandeten Greifele- 
menten (18a) auf einer der Klemmbacken umfasst 
und zumindest ein Greifelement (18b), das auf der 
anderen der Klemmbacken positioniert ist, das zwi- 
schen dem ersten genannten Paar von beabstan- 
deten Greifelementen positioniert ist, wenn die 
Klemmbacken in ihre geschlossene Position 
bewegt werden. 

17. Vorrichtung gemaB einem der vorhergehenden 
AnsprOche, weiter umfassend: 
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a) ein Paar von Halteelementen (24) zum Hal- 
ten der Klemmbacken; 

b) eine elastische Einrichtung (60), die zwi- 
schen den Halteelementen positioniert ist, um 5 
die Halteelemente und die Klemmbacken in 
entgegengesetzten Richtungen vorzuspannen; 
und 

c) eine Einrichtung (70), die gestaltet und w 
geeignet ist zum Vorrucken in einer distalen 
Richtung in einer Weise, um in Eingriff zu tre- 

ten mit den Halteelementen, wobei die Halte- 
elemente und die Klemmbacken dazu gebracht 
werden, sich aufeinanderzu zu bewegen. 15 

18. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, wobei die Eingriffseinrichtung fur K6r- 
pergewebe zumindest zwei Paare von doppelten, 
scharfspitzigen Eingriffselementen (428) fur K6r- 20 
pergewebe umfasst, die sich von jeder Klemm- 
backe erstrecken und auf die gegenuberliegende 
Klemmbacke gerichtet sind. 

19. Vorrichtung gemaB Anspruch 18, wobei am Plat- 25 
tenelement (85) mit einem Befestigereintreibeele- 
ment (84), das an diesem angebracht ist, in distaler 
Richtung bewegbar ist, um einzeln die stangenarti- 
gen Befestigerelemente (78) auszustoBen. 

30 

20. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, weiter umfassend eine Einrichtung, um 
eine visuelle Anzeige (110, 122, 124, 126) vorzuse- 
hen, wenn eine vorbestimmte Anzahl von Befesti- 
gern ausgestoBen worden ist. 35 

21 . Vorrichtung gemaB Anspruch 20, wobei die Einrich- 
tung zur visuellen Anzeige ein biegsames Element 
(110) ist, das zwischen einer ersten Position vor 
dem AbschieBen eines ersten gelagerten Befesti- 40 
gers zu einer zweiten Position nach dem Abschie- 
Ben eines letzten gelagerten Befestigers bewegbar 

ist. 

22. Vorrichtung gemaB einem der Anspruche 15 und 45 
1 6 bis 21 , sofern diese von Anspruch 1 5 abhangen, 
wobei die Plattform (420) eine Offnung besitzt, in 
der sich die Klemmbacken in Bezug auf das KOr- 
pergewebe bewegen. 

50 

23. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, weiter umfassend: 

a) eine Befestigerantriebsplatte (454), die pro- 
ximal des vordersten Befestigers (444) positio- 55 
niert ist; und 

b) ein Element (456), das der Einrichtung zum 



Anndhern der Klemmbacken zugeordnet ist 
und geeignet ist, um in Eingriff zu treten mit der 
Befestigerantriebsplatte, wenn die Klemmbak- 
ken in benachbarter Beziehung angenahert 
sind. wobei eine weitere Betatigung der 
mechanischen Einrichtung ein Vorrucken der 
Befestigerantriebsplatte zum AusstoBen des 
vorderen Befestigers in das Medium und im All- 
gemeinen mittig der Grenzf lache verursacht. 

24. Vorrichtung gemaB Anspruch 23, wobei der Befe- 
stigereintreiber (454) aus einem Metall mit super- 
elastischen Eigenschaften hergestellt ist. 

25. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, umfassend: 

eine Jocheinrichtung (434), die ein Paar von 
Rollen (438, 440) halt und geeignet ist fur eine 
Bewegung in distaler Richtung, wobei die Rol- 
len in Eingriff treten mit entsprechenden Ober- 
fiachenbereichen (430a, 432a) zu der 
langgestreckten Elemente (430, 432) in einer 
Weise, um die Elemente anzunahern, und die 
Klemmbacken in proximaler Richtung beweg- 
bar sind, wobei die Elemente und die Klemm- 
backen sich voneinanderweg bewegen 
kGnnen. 

26. Vorrichtung gemaB Anspruch 25, umfassend eine 
erste Feder (436), um die Klemmbacken voneinan- 
derweg zu drucken. 

27. Vorrichtung gemaB Anspruch 25 Oder 26, sofern 
dieser von Anspruch 13 abhangig ist, wobei die 
Zahnstange (302) an der Jocheinrichtung (434) 
angebracht ist, um zu verursachen, dass sich die 
Klemmbacken annahern. 

28. Vorrichtung gemaB Anspruch 25, 26 Oder 27, 
sofern diese von Anspruch 23 abhangig sind, wobei 
die Jocheinrichtung ein Element (456) aufweist, 
das dazu geeignet ist, in Eingriff mit der Befesti- 
gerantriebsplatte vorgeruckt zu werden, um den 
vorderen Befestiger auszustoBen, wenn die Joch- 
einrichtung in distaler Richtung vorgeruckt wird. 

29. Vorrichtung gemaB einem der Anspruche 25 bis 28, 
weiter umfassend ein bandartiges Element (458) 
mit einem Verbindertereich (466) an einem dista- 
len Ende desselben, der mit der Jocheinrichtung 
verbunden ist, wobei das bandartige Element durch 
eine Bewegung der Betatigungseinrichtung zwi- 
schen Positionen bewegbar ist, wobei die Jochein- 
richtung sich zwischen entsprechenden proximalen 
und distalen Bereichen bewegt. 

30. Vorrichtung gemaB Anspruch 29, weiter umfassend 
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eine Einrichtung (470), die mil dem bandartigen 
Element (458) in Eingriff gebracht werden kann, 
wenn sich das Element in Richtung der distalen 
Position bewegt, wobei die Eingriffseinrichtung 
geeignet ist, urn eine proximale Bewegung des 
bandartigen Elementes zu verhindern, wenn die 
Bewegung der Betatigungseinrichtung unterbro- 
chen wird. 

31 . Vorrichtung gemaB Anspruch 30, wobei die Einrich- 
tung, die mit dem bandartigen Element in Eingriff 
gebracht werden kann, eine Klinke 470 ist, die 
schwenkbar unabhangig von dem bandartigen Ele- 
ment gehalten wird. 

32. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, weiter umfassend: 

a) eine elastische Einrichtung (110, 264, 484, 
547), urn zumindest einen langgestreckten 
stangenartigen Befestiger in Richtung einer 
BefestigerausstoBposition vorzuspannen; 

b) eine plattenartige AusstoBeinrichtung, urn 
den entlanggestreckten Befestiger in einer 
ersten Richtung auszustoBen, und 

c) eine Einrichtung (546, 548, 550), urn die 
Richtung des langgestreckten Befestigers vor 
dem Einsetzen in das KCrpergewebe zu wech- 
seln. 



c) des moyens (18) s'engageant dans le tissu 
corporel s'gtendant de chaque mdchoire et 
orients vers ladite m&choire opposge, et 
aptes a s'engager dans des portions de tissu 

5 respectives opposges de telle sorte que, lors- 

que lesdites machoires sont rapprochges Tune 
de I'autre, lesdits moyens d'engagement oppo- 
ses dgfinissent ensemble une forme chevau- 
chge a ladite interface ; 

w 

d) un moyen (83) pour diriger un glgment 
d'attachement (78) ggngralement au milieu de 
ladite interface du tissu corporel a travers la 
forme chevauchge pour attacher ainsi les par- 

15 ties opposges du tissu corporel ; 

e) un moyen d'actionnement (16) a la portion 
d'extrgmitg proximale, pour une manipulation 
manuelle ; et 

20 

f) un moyen (66) actionng par I edit moyen 
d'actionnement pour rapprocher lesdites 
machoires Tune de I'autre et en amenant ainsi 
les moyens d'engagement opposes dans leur 

25 forme chevauchge. 

2. Appareil selon la revendication 1, ou ledit moyen 
d'actionnement comprend au moins une poignge 
(16) instate de manigre pivotante dgplagable 
30 manuellement pour actionner ledit moyen de dgpla- 
cement. 



33. Vorrichtung gemaB einem der vorhergehenden 
Anspruche, weiter umfassend: 

eine Einrichtung (84, 454), urn ein langge- 
strecktes Befestigerelement entlang eines Pfa- 
des in zumindest einen Bereich vorzurucken, 
der nicht linear ist, urn das Befestigerelement 
in den Ort der Gewebeendbereiche zu richten, 
urn die Endbereiche zusammen zu verheften. 

34. Vorrichtung gemaB einem der vorhergehenden 
Anspruche und umfassend ein entfernbares Maga- 
zin (543), von dem die Befestiger ausgegeben wer- 
den. 

Revendications 

1. Appareil chirurgical (10) pour attacher au moins 
deux parties d'extrgmitg d'un tissu corporel a une 
interface, qui comprend : 

a) des portions d'extrgmitgs proximale et dis- 
tal e ; 

b) une paire de machoires (12) de forme oppo- 
sge a la portion d'extrgmitg distale ; 



3. Appareil selon la revendication 2, comprenant en 
outre : 

35 

a) une crgmaillgre (302) avec une plurality de 
dents ; et 

b) un glgment d'entraTnement (304) f ixg a ladite 
40 poignge pivotante et prgsentant une plurality 

de dents dimensionn6es et pourvues pour 
engrener avec lesdites dents de ladite cr6- 
mailiare et agencies pour un engagement 
avec lesdites dents de ladite cr6maill&re de 

45 telle sorte que lorsque ladite poignge pivotante 

est amen6e a pivoter vers I'autre poign6e, ledit 
engagement desdites dents de ladite erg- 
mailiare par lesdites dents dudit Pigment 
d'entraTnement amgne ladite crgmaillgre a se 

so dgplacer distalement. 

4. Appareil selon la revendication 2 ou 3, ou un mou- 
vement initial de ladite au moins une poignge (16) 
rapproche lesdites machoires Tune vers I'autre, et 

55 un mouvement supplgmentaire de ladite poignge 
provoque I'gjection dudit au moins un glgment 
d'attachement (78) dans I'interface dudit tissu cor- 
porel. 
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5. Appareil selon Tune des revendications pr£c6den- 
tes,. incluant une plurality d'6iements d'attachement 
(78). 

6. Appareil selon la revendication 5, ou lesdits 6I6- 5 
ments d'attachement sont constitu6s par des 6I6- 
ments en forme de tige (78, 78') port6s selon une 
configuration empire proximalement desdites 
machoires, par exemple par une cartouche, chaque 
element en forme de tige 6tant d6plagable indivi- w 
duellement pour p6netrer dans lesdites portions du 
tissu corporel lorsque celles-ci sont rapprochees. 

7. Appareil selon Tune des revendications pr6c6den- 
tes, comprenant en outre : 15 

a) une plurality d'eiements d'attachement en 
forme de tige (78) positionnes en vue d'une 
Ejection s6quentielle generalement au milieu 
desdites machoires lorsque lesdites machoires 20 
sont rapprochees Tune de I'autre ; et 

b) des moyens de prehension (16) actionna- 
bles manuellement aptes a d£placer lesdites 
machoires Tune vers I'autre pour saisir les par- 25. 
ties d'extremite adjacentes du tissu corporel et 
pour 6jecter au moins Tune desdites attaches 
dans le tissu corporel. 

8. Appareil selon la revendication 6 ou 7, ou ledit 30 
appareil comprend en outre un moyen formant 
plongeur (84) pouvant §tre mis en prise avec au 
moins Tun desdits elements en forme de tige et 
deplagable d'une premiere position a une deuxieme 
position pour amener ledit element en forme de tige 35 
dans le tissu corporel. 

9. Appareil selon Tune des revendications pr£c£den- 
tes, comprenant en outre : 

40 

un moyen de came (68) associe a au moins 
Tune desdites machoires (12) ; 

un moyen d'engagement de came (72, 74) 
d6plagable d'une premiere position a une 45 
deuxieme position pour venir en prise avec 
ledit moyen de came de fagon a deplacer au 
moins i'une desdites machoires oppos6es vers 
I'autre mSchoire a ladite deuxieme position 
pour amener au moins I'une des portions de so 
tissu corporel vers I'autre a une position ou les- 
dites portions de tissu corporel sont etroite- 
ment rapprochees. 

10. Appareil selon la revendication 9, ou ledit appareil 55 
comprend en outre : 

un chassis ; et 



une paire de poign6es oppos&es (16) s'&ten- 
dant g6n6ralement au loin dudit chassis, au 
moins I'une des poignees etant deplagable 
vers et au loin de i'autre. 

11. Appareil selon la revendication 10, et incluant un 
moyen (70) interconnectant lesdites poignees (16) 
et ledit moyen d'engagement de came (72, 64), 
ledit moyen de bielle (70) etant deplagable par le 
d6placement d'au moins I'une desdites poignees 
vers I'autre, ledit moyen de belle etant apte a trans- 
ferer le mouvement d'au moins Tune desdites poi- 
gnees vers ledit moyen d'engagement de came 
pour amener ledit moyen d'engagement de came 
de sa premiere position a sa deuxieme position. 

12. Appareil selon la revendication 10, et incluant une 
transmission (272) en forme de paralieiogramme 
interconnects d'une manure pivotante aux extre- 
mites opposees de celle-ci auxdites poignees de 
telle sorte que le rapprochement et recartement 
desdites poignees I'une de I'autre permet audit 
paralieiogramme de s*6tendre et de se contracter, 
ladite transmission etant interconnects avec ledit 
moyen d'engagement de came pour translater le 
mouvement desdites poignees I'une vers I'autre 
pour deplacer ledit moyen d'engagement de came 
de sa premiere position a sa deuxieme position. 

13. Appareil selon la revendication 10, ou lesdites poi- 
gnees opposees s'etendent generalement trans- 
versalement dudit chassis ; et 

une cr6maill£re (302) port&e par ledit chassis 
est deplagable longitudinal ement par le mou- 
vement de rotation d'un pignon (304), ledit 
moyen d'engagement de came (72, 74) etant 
connects a ladite crgmaili&re en vue d'un mou- 
vement longitudinal avec celle-ci, ledit pignon 
etant entraTne en rotation par le mouvement de 
ladite poign6e vers I'autre pour amener ladite 
cremailiere longitudinalement afin de deplacer 
ledit moyen d'engagement de came de sa pre- 
miere position a sa deuxieme position. 

14. Appareil selon I'une des revendications 9 a 13, tel- 
les que d6pendantes de la revendication 8, ou ledit 
moyen d'engagement de came (72, 74) est d6pla- 
gable de sa deuxieme position a une troisi&me 
position pour amener ledit moyen plongeur (84) a 
sa deuxieme position, ladite deuxieme position 
dudit moyen d'engagement de came est une posi- 
tion intermediate entre lesdites premiere et troi- 
sieme position dudit moyen d'engagement de 
came. 

15. Appareil selon I'une des revendications pr6c6den- 
tes, et comportant en outre une plate-forme (20, 21 , 
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160, 161, 420) pour venir en contact avec les por- 
tions de tissu oppos6es et pour stabiliser la position 
et I'orientation des machoires, en vue d'un position- 
nement precis de rei6ment d'attachement relative- 
ment aux portions de tissu oppos6es pendant que 5 
les machoires se d6placent relativement k la plate- 
forme, ou la plate-forme de stabilisation comprend : 

une paire de surfaces de stabilisation de tissu 
espac6es positionn6es pour §tre adjacentes 10 
auxdites machoires et fortement rapproch6es a 
celles-ci lorsque lesdites machoires sont rap- 
prochees Tunede I'autre a leur position fermee, 
lesdites surfaces de stabilisation etant position- 
n6es le long de I'axe dudit chemin s'etendant is 
transversalement entre lesdites machoires fer- 
m6es et positionnSes pour venir en contact 
avec les portions du tissu corporel adjacentes 
aux extr£mit6s de ladite forme onduiee. 

20 

16. Appareil selon Tune des revendications pr6c6den- 
tes, ou ledit moyen s'engageant dans le tissu cor- 
porel comprend une paire d'eiements de 
prehension espac6s (18a) sur I'une desdites 
machoires, et au moins un 6l6ment de prehension 25 
(18b) positionne sur I'autre desdites machoires qui 

est positionne entre ladite paire mentionn£e en pre- 
mier des elements de prehension espaces lorsque 
lesdites machoires sont amenees a leur position 
ferm6e. 30 

17. Appareil selon Tune des revendications preceden- 
tes, comprenant en outre : 

a) une paire d'ei6ments de support (24) pour 35 
supporter lesdites machoires ; 

b) un moyen eiastique (60) positionne entre 
lesdits elements de support pour solliciter les- 
dits elements de support et lesdites machoires 40 
dans des directions opposees ; et 

c) un moyen (70) configure et congu pour avan- 
cer dans une direction distale de maniSre a 
venir en prise avec lesdits elements de sup- 45 
port, par quoi lesdits elements de support et 
lesdites machoires sont amenes a se rappro- 
cher les uns des autres. 

18. Appareil selon Tune des revendications preceden- so 
tes, ou le moyen s'engageant dans le tissu corporel 
comprend au moins deux paires d'eiements dou- 
bles (428), k pointe tranchante, s'engageant dans 

le tissu corporel, s r etendant de chaque machoire et 
orientes vers ladite machoire opposee. 55 

19. Appareil selon la revendication 18, ou un element 
de plaque (85) comportant un element d'entrame- 



ment (84) des attaches fixe a celui-ci est d6plaga- 
ble distalement pour ejecter individuellement 
lesdits elements d'attache en forme de tige (78). 

20. Appareil selon I'une des revendications preceden- 
tes, comprenant en outre un moyen pour fournir 
une indication visuelle (110, 122, 124, 126) 
lorsqu'un nombre d'attaches predetermine a 6t6 
ejecte. 

21. Appareil selon la revendication 20, ou ledit moyen 
Vindication visuel est un element flexible (110) 
d6plagable entre une premiere position, avant le tir 
d'une premiere attache stockee, a une deuxieme 
position, apres le tir de la derniere attache stockee. 

22. Appareil selon Tune des revendications 15 et 16 a 
21 telles que d6pendantes de la revendication 15, 
ou la plate-forme (420) a une ouverture dans 
laquelle lesdites machoires se deplacent par rap- 
port au tissu corporel. 

23. Appareil selon Tune des revendications pr6c6den- 
tes, comprenant en outre : 

a) une plaque d'entraTnement (454) des atta- 
ches positionnee proximalement d'une attache 
avant (444) ; et 

b) un element (456) associe audit moyen de 
rapprochement des machoires et congu pour 
venir en prise avec ladite plaque d'entraTne- 
ment des attaches lorsque lesdites machoires 
sont rapprochees en une relation adjacente par 
quoi un actionnement additionnel dudit moyen 
m6canique entratne une avance de ladite pla- 
que d'entraTnement des attaches pour ejecter 
ladite attache avant dans le milieu et generale- 
ment au centre de I'interface. 

24. Appareil selon la revendication 23, ou ledit entraT- 
nement (454) des attaches est fabrique en un metal 
ayant des caracteristiques super eiastiques. 

25. Appareil selon I'une des revendications preceden- 
tes, comprenant : 

un moyen d'etrier (434), supportant une paire 
de rouleaux (438, 440) et congu pour un defa- 
cement dans le sens distal, par quoi lesdits 
rouleaux viennent en prise avec des portions 
de surface respectives (430a, 432a) d'eie- 
ments oblongs (430, 432) de maniere k rappro- 
cher lesdits elements, et lesdites machoires 
sont deplagables dans le sens proximal par 
quoi lesdits elements et lesdites machoires 
peuvent s'ecarter les uns des autres. 
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26. Appareil selon la revendication 25, incluant un pre- 
mier ressort (436) pour solliciter les m§choires k 
s*6carter Tune de I'autre. 

27. Appareil selon la revendication 25 ou 26, telle que 
d6pendante de la revendication 13, ou la cr§- 
maillfcre (302) est fix6e audit moyen d*6trier (434) 
pour amener lesdites m§choires k se rapprocher. 



33. Appareil selon Tune des revendications pr6c6den- 
tes, comprenant en outre : 

un moyen (84, 454) pour faire avancer un 6I6- 
ment d'attache oblong le long d'un chemin dont 
au moins une partie est non Iin6aire de fagon k 
diriger ledit 6l6ment d'attache dans I'emplace- 
ment des portions d'extr£mit6 du tissu pour 
attacher les portions d*extr6mite ensemble. 



28. Appareil selon la revendication 25. 26 ou 27 telles 10 
que d6pendantes de la revendication 23, ou ledit 34. 
moyen d'6trier comporte un 6l6ment (456) congu 
pour §tre avancS en prise avec ledit plateau 
d'entraTnement des attaches pour §jecter I'attache 
avant lorsque ledit moyen d'6trier est avanc6 dista- 15 
lement. 



Appareil selon Tune des revendications pr6c6den- 
tes et incluant une cartouche amovible (543), de 
laquelle les attaches sont distributes. 



29. Appareil selon Tune des revendications 25 k 28, 
comportant en outre un 6l6ment en forme de bande 
(458) ayant une portion de connexion (466) k son 20 
extr6mit6 distale relive audit moyen d'6trier, ledit 
6l6ment en forme de bande 6tant d&plagable par le 
d6placement dudit moyen d'actionnement entre 
des positions, par quoi ledit moyen d*6trier se 
dgplace entre des parties proximale et distale cor- 25 
respondantes. 

30. Appareil selon la revendication 29, comportant en 
outre un moyen (470) pouvant §tre mis en prise 
avec ledit 6l6ment en forme de bande (458) lorsque 30 
ledit 6l6ment est amen6 vers ladite position distale, 
ledit moyen d'engagement 6tant congu pour emp£- 
cher un mouvement proximal dudit 6l6ment en 
forme de bande lorsque le d6placement dudit 
moyen d'actionnement est interrompu. 35 

31. Appareil selon la revendication 30, ou ledit moyen 
pouvant etre mis en prise avec ledit 6l£ment en 
forme de bande est un cliquet (470) supports d'une 
mantere pivotante ind6pendamment dudit 6l6ment 40 
en forme de bande. 



32. Appareil selon Tune des revendications pr6c£den- 
tes et comportant en outre : 

a) un moyen 6lastique (110, 264, 448, 547) 
pour solliciter au moins une attache oblongue 
en forme de tige vers une position dejection 
d'attache ; 

b) un moyen dejection en forme de plaque 
pour gjecter ladite attache oblongue dans une 
premiere direction ; et 

c) un moyen (546, 548, 550) pour modifier la 
direction de ladite attache oblongue avant 
(Insertion dans le tissu corporel. 
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FIG. 40 
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